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ABSTRACT 
 
Background:  There is scientific evidence that some leisure activities involve potentially 
hazardous noise.  The research documented in this thesis was first envisaged in 2009, 
amidst public and scientific concern that leisure noise (particularly amplified music) 
exposure was an escalating cause of permanent hearing loss in adolescents and young 
adults.  A large-scale hearing health study of 11 – 35 year olds, funded by the Australian 
Commonwealth Government, was in its first year of data collection.  Adolescents with 
early (i.e., congenital or pre-adult onset) hearing impairment (HI) were virtually 
unrepresented in the expanding sample population.  This was a substantial limitation, as 
young people with HI already face significant hearing-related disadvantages in early 
life, and stand to be even more negatively impacted by leisure-noise-related hearing 
threshold level (HTL) shift than their peers who have reached adolescence with 
“normal” (i.e., non-impaired) hearing (NH). 
 
Hearing impairment is one of the most common disabling conditions of childhood.  
Much is understood about the early diagnosis of hearing loss and the fitting of hearing 
aids to ameliorate language development and educational outcomes.  Far less has been 
reported about other impacts of early hearing impairment.  Prior to this research, there 
was a dearth of information about the leisure activity participation of young people with 
HI, and their hearing aid use in everyday life.  The whole-of-life noise exposure of 
young people with HI was consequently unknown.  Evidence that hearing aid use in 
loud situations could increase noise exposure was an additional cause for concern, but 
the lack of data about the leisure participation of young hearing aid wearers made this 
factor difficult to put in perspective.  Furthermore, there were little published data about 
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the prognosis of early hearing impairment in audiometric terms.  As a result, there was a 
very limited evidence base from which clinical audiologists, educationalists or hearing 
scientists could address parent or client questions about leisure-noise risk.  It was 
suspected that in the absence of a clear evidence base, professional advice about noise 
risk may tend towards over-conservatism.  Parent attitudes were also deemed to be a 
major determinant of how noise risks for young people with HI are managed, and 
therefore were also of interest.  
 
This research started out with the preliminary proposition that:  
There is a dose-response relationship between leisure-noise exposure and HTL shift; 
whereby greater noise exposure is associated with greater incidence of, and/or 
magnitude of, HTL shift in young people with HI.  It was also hypothesised that young 
people with HI (and possibly their audiologists and parents) may feel averse to leisure-
noise risk, and therefore were likely to have lower leisure-noise exposure than their 
peers with NH. 
 
Objectives: The five main aims of this research were; (1) to investigate the leisure-
activity profiles of young people with HI, (2) to estimate the whole-of-life noise 
exposures of young people with HI, (3) to investigate the incidence of HTL shift among 
selected participants with HI, (4) to examine relationships between HTL shift, leisure-
noise exposure and other relevant factors in participants with HI and, (5) to compare the 
attitudes and beliefs of parents of adolescent HI and NH participants about the risks of 
leisure-noise exposure.  Participants’ attitudes to leisure-noise exposure and use of 
protective strategies were also of interest. 
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Research design: Cross-sectional cohort study. 
Study sample: n = 268, 11 – 35 year olds with HI.  Comprehensive survey + 
retrospective HTL data were provided by 237 participants.  Comparable survey + HTL 
data were available for ~1020 participants of the same age range (the majority with NH; 
obtained in the foregoing hearing health study).  
Data collection and analysis: Participant and parent survey, clinical file reviews.  
Systematic differences between the leisure profiles and noise exposure estimates of HI 
and NH groups were examined (Chi-squared tests).  Whole-of-life noise exposures were 
estimated by adapting techniques described in ISO 1999 (ISO, 2013). 
For selected participants with HI, incidence of HTL shift was determined by calculating 
differences between final (recent) HTLs and specified baseline (initial) HTLs, and 
applying three criteria for HTL shift.  Correlations between noise exposure and HTL 
shift were tested (Mann-Whitney U test).  Relationships between HTL shift and noise 
exposure, and other personal and extrinsic factors were examined (Cox Regression 
model).  Survival analyses (Kaplan-Meier) were performed to reveal the temporal 
pattern of high frequency (HF) HTL shift, and the magnitude of HF shifts at 5, 10 and 
15 years post-baseline were calculated.  Systematic differences between parent attitudes 
(HI versus NH groups) were identified using Rasch-generated interval-level data, and 
also using raw ordinal-level data (Chi-squared tests).  Attitudes and protective 
behaviours were also analysed using Chi-squared tests (HI versus NH groups). 
Results: A comprehensive literature review revealed that the ‘threat’ of leisure-noise 
exposure for the mainstream (NH) population has tended to be overstated.  
Nevertheless, a substantial number of participants (HI < NH) reported leisure activities 
known to involve high-level noise.  In a selected group of young adults, estimated 
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whole-of-life noise exposure was above the stated risk criterion for only ~ 9% of the HI 
group versus ~ 24% of the NH group.  For adolescents, leisure activity profiles for HI 
and NH groups were similar and few were considered to be at high-risk.  For young 
adults, participation in some activities, activity diversity and, as noted, noise exposure 
were lower for the HI group than for the NH group.  Median whole-of-life exposure was 
710 Pa2h versus 1615 Pa2h for the HI and NH young adult groups respectively.  The use 
of hearing aids during some high-noise leisure activities was frequently reported by HI 
participants.  No relationship was found between HTL shift and whole-of-life noise 
exposure, however, the noise exposures of the HI group were relatively conservative.  
As a consequence, determining the dose-response relationship between noise and shift 
in quantitative terms on the basis of these data was unviable.  Nevertheless, HTL shift 
was observed in almost 50% of selected participants with HI. 
 
Most parents of adolescent participants (HI and NH groups) perceived leisure noise to 
be a significant hearing health risk for young people in general, but few perceived their 
own child to be at high risk.  Differences in parent permissiveness towards several 
specific leisure activities were observed (HI versus NH groups) but concerns were not 
only related to noise risk.  Similarly, both HI and NH participants identified leisure 
noise as a significant risk, but rated their own risk lower than that of their peers.  Few 
HI or NH participants reported protective behaviours in noisy leisure environments.  
Some young adult participants with HI cited the risk of noise injury as a reason for 
avoiding leisure noise, but the greatest proportion reported avoidance because of 
difficulty hearing conversation.  
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Conclusions:  The findings of this research suggest that the leisure-noise risk of young 
people with HI is modest.  Some young adults appear to ‘miss out’ on a range of 
activities typical of their peer group; most often because of communication difficulty in 
noisy social environments.  Social, and hence, quality-of-life (QoL) disadvantages may 
be a consequence of this observed disparity.  Parents also had a range of concerns about 
the leisure activities of their children with HI.  These findings point to a need for more 
comprehensive support for young people with HI and their parents, specifically 
addressing hearing-related barriers to leisure activity participation.  The extension of 
audiological and educational management goals, beyond the traditional domains of 
language development and educational attainment, may contribute to better outcomes.  
Therapeutic approaches must address participation in everyday life, not only from a 
primary perspective of minimizing noise risk, but also in maximizing outcomes in QoL 
terms.  The evidence base created by this research will help hearing professionals 
provide more balanced and objective advice to young people with HI, and to their 
parents. 
  
-xiii- 
 
STATEMENT OF AUTHORSHIP 
I, LYNDAL FRANCES CARTER, hereby declare that the work contained 
within this thesis is my own and has not been submitted to any other university or 
institution as a part or a whole requirement for any higher degree. 
 
 
I, LYNDAL FRANCES CARTER, hereby declare that I was the principal 
researcher of all work included in this thesis, including work published with 
multiple authors. 
 
 
In addition, ethical approvals from the University of Sydney Human Ethics    
Committee and the Australian Hearing Human Research Ethics Committee were 
granted for the studies presented in this thesis.  Participants, and parents of under 
18-year-olds, were required to read a participant information document and 
informed consent was gained prior to data collection.  Appendix 1 contains ethics 
documentation for this research. 
 
 
 
 
 
 
                                                                   Name   LYNDAL FRANCES CARTER 
 
 
Signed _____________ 
 
Date   ______________ 
  
21/7/16 
-xiv- 
 
PUBLICATIONS AND PRESENTATIONS 
 
Parts of the work presented in this thesis have been published and/or presented in the 
following forums: 
 
PUBLISHED PAPERS 
 
Carter, L., Williams, W., Black, D., & Bundy, A. (2014). The leisure-noise dilemma: 
hearing loss or hearsay? What does the literature tell us? Ear and Hearing 35(5): 491-
505. doi:10.1097/01.aud.0000451498.92871.20 
 
Carter, L., Black, D., Bundy, A., & Williams, W. (2016a). An estimation of the whole-
of-life noise exposure of adolescent and young adult Australians with hearing 
impairment. Journal of the American Academy of Audiology 27: 1-14.  
doi: 10.3766/jaaa.15100 
 
Carter, L., Black, D., Bundy, A., & Williams, W. (2016b). Parent perceptions of 
children's leisure and the risk of damaging noise exposure. Deafness & Education 
International 18(2): 87-102. doi: 10.1080/14643154.2015.1136478 
 
 
SUBMITTED PAPERS 
 
Carter, L., & Black, D. (in review). Hearing threshold shifts among 11 − 35 year olds 
with early hearing impairment. Ear and Hearing. 
 
 
RESEARCH PRESENTATIONS – ORAL 
 
Carter, L., Williams, W., Black, D., & Bundy, A. Parent perceptions of children’s 
leisure and the risk of noise injury. Australia New Zealand Conference for Educators of 
the Deaf, in conjunction with the 12th Asia Pacific Congress on Deafness 2016, 
Christchurch, New Zealand. 7 − 10 July 2016. 
 
Carter, L., Williams, W., Black, D., & Bundy, A. Leisure activity participation and 
estimated whole-of-life noise exposure of young people with, and without, hearing 
impairment.  Audiology Australia National Conference, Melbourne, Australia. 22 − 25 
May 2016. 
 
-xv- 
 
Carter, L., Leisure activity participation and whole-of-life noise exposure of young 
people with early onset hearing impairment. Presentation to University of Sydney 
Higher Degree Research Faculty Group − Ageing, Work and Health Research Unit. 
University of Sydney, Cumberland Campus, Lidcombe, NSW, Australia.  31st October 
2015. 
 
Carter, L. Enabling safe leisure activity. Part 1: Parent perceptions of leisure-noise risk. 
University of Sydney, Faculty of Health Sciences, Ageing, Health & Work, Higher 
Degree Research Seminar. Lidcombe, NSW, Australia.  30 October 2014. 
 
Carter, L. Participation, leisure-noise exposure and risk to hearing: Comparing the 
experiences and attitudes of young people with and without early onset permanent 
hearing loss. Invited presentation at the Department of Neuroscience, University of 
Padua, Italy.  1 October 2014. 
 
Carter, L., Williams, W., Black, D., & Bundy, A. Leisure-noise exposure: Parent 
perceptions of children’s risk. Oral paper presented at the XXXII World Congress of 
Audiology, Brisbane, Australia.  3 − 7 May 2014. 
 
Carter, L., & Beach, E.  Putting hearing loss prevention out there: Developing 
contemporary tools for researchers and educators. The University of Sydney: 
Implementation in Healthcare Workshop.  Sydney, Australia.  28 February 2014. 
 
Carter, L. Enabling safe leisure activity participation for young hearing aid wearers – 
iHEAR2.  Presentation to University of Sydney Higher Degree Research Faculty Group. 
Faculty of Health Sciences – Ageing, Work and Health Research Unit. University of 
Sydney, Cumberland Campus, Lidcombe NSW, Australia.  31st October 2013. 
 
RESEARCH PRESENTATIONS – ORAL/POSTER 
 
Carter, L., & Williams, W.  Conservation or conservatism? Recreational loud-sound 
exposure and hearing loss in young people – The evidence in perspective. Oral poster 
presentation. Audiology Australia XX National Conference. Adelaide, Australia. 1 − 4 
July 2012. 
 
RESEARCH PRESENTATIONS – POSTER 
 
Carter, L., Williams, W., Black, D., & Bundy, A. Attitudes to noise and protective 
behaviours: A comparative survey of young Australians with normal hearing and 
hearing impairment. World Congress of Audiology, Vancouver, Canada.  18 − 25 
September 2016. 
 
 
-xvi- 
 
Carter, L., Williams, W., Black, D., & Bundy, A.  Hearing threshold shifts among 11 − 
35 year olds with early hearing impairment. World Congress of Audiology, Vancouver, 
Canada.  18 − 25 September 2016. 
 
Carter, L., Leisure-noise – Is it an issue for young hearing aid wearers? Poster 
presentation at Imag!neU. Creating the Future Conference. University of Sydney, 
Faculty of Health Sciences. Lidcombe, NSW, Australia.  3 − 5 November 2014. 
 
RELATED PUBLICATIONS 
 
Williams, W., Carter, L., & Seeto, M. (2015).  Pure tone hearing thresholds and leisure 
noise: Is there a relationship?  Noise Health 17(78) 358-363. doi: 10.4103/1463-
1741.165066 
 
Williams, W., Carter, L., & Seeto, M. (2014).  Hearing thresholds for a population of 11 
to 35 year old Australian females and males. International Journal of Audiology 
53(5):289-93. doi:10.3109/14992027.2013.873957 
 
Gilliver, M., Carter, L., Macoun, D., Rosen, J., & Williams, W. (2012). Music to whose 
ears? The effect of social norms on young people's risk perceptions of hearing damage 
resulting from their music listening behavior. Noise Health, 14(57), 47-51. doi: 
10.4103/1463-1741.95131 NoiseHealth_2012_14_57_47_95131 [pii] 
 
Carter, L. (2011).  Prevalence of hearing loss and its relationship to leisure-sound 
exposure. Report prepared for the Office of Hearing Services, Department of Health and 
Ageing. Available at: 
http://www.nal.gov.au/pd/FINAL%20OHS%20report_iHEAR_1%20July%202011_pos
t%20review.pdf 
 
  
-xvii- 
 
ACKNOWLEDGEMENTS 
 
The research pertaining to young people with hearing impairment presented in this 
thesis was financially supported by the National Health and Medical Research 
(NHMRC) (GNT 10338147).  Research was coordinated by the National Acoustic 
Laboratories (NAL), Macquarie University, Australia.  NAL is the research division of 
Australian Hearing® (a Statutory Authority within the Commonwealth Department of 
Human Services portfolio).  The financial contribution of the Commonwealth 
Department of Health, Office of Hearing Services (OHS) is also gratefully 
acknowledged.  Specific funding was provided for preceding leisure-noise research 
(REI 244/0708). 
 
The academic supervisor for this research, Prof Deborah Black (University of Sydney), 
and auxiliary supervisors Prof Anita Bundy (University of Sydney) and Dr Warwick 
Williams (NAL) are sincerely thanked for their interest, enthusiasm and constant 
support over many years.  Without their expertise and patient guidance this work would 
not have been accomplished. 
 
Denise Macoun is especially acknowledged for her assistance with data collection, data 
entry and, most importantly, for providing immense personal support to the author 
throughout the study.  Other NAL colleagues also assisted in many ways.  In particular, 
Elizabeth Beach provided unfailing encouragement and expert advice on many topics 
on a day-to-day basis.  Mark Seeto provided assistance with parts of the statistical 
analyses, including meticulous calculations of individual participants’ whole-of-life 
noise exposures and hearing threshold shifts.  Emeritus research scientist John Macrae 
-xviii- 
 
gave highly valued advice regarding technical details of the research and the draft 
manuscripts.  Librarians Joy Fischer and Eunice Sarif sourced hundreds of references.  
Vivian Fabricatorian contributed many hours of administrative assistance preparing 
participant survey packages.  Fabrice Bardy, Jermy Pang and Joaquin Valderrama 
provided feedback on introductory sections of the draft manuscript.  Greg Stewart and 
Paola Incerti were cheerful supporters, particularly during the writing-up time.  Megan 
Gilliver and Pam Jackson gave assistance with the final formatting. 
 
Alison King (Principal Audiologist, Paediatric Services; Australian Hearing) supported 
the project at many levels, from protocol design and initiating recruitment, through to 
feedback on manuscripts.  Roger Hovey (Australian Hearing) facilitated the participant 
recruitment.  The success of the project also depended on the cooperation of front-of-
house staff and paediatric audiologists at the Australian Hearing centres and private 
practices from which participants were sought.  The research audiologists who collected 
data in the preceding phase of the research (from which “normal hearing” cohort data 
for this study were drawn) are also recognised; Monica Gibian, Katrina Freeston, Jermy 
Pang, Jenny Rosen and, again, Denise Macoun.  Margaret Dewberry is acknowledged 
for her direct contribution to this research; providing feedback and assisting with data 
quality assurance, as well as for her long-standing mentorship and untiring professional 
dedication to the field of audiology, in particular young people’s hearing services. 
 
Very importantly, the young people and parents who took the time to complete the 
surveys for this study, and who gave permission for their audiological data to be 
collected and used in this analysis, are warmly and gratefully acknowledged. 
-xix- 
 
There were many other associates who contributed to the successful completion of this 
research.  University of Sydney, Faculty of Health Sciences students and staff provided 
much helpful input, in particular, members of the ‘participation in everyday life’ (PIEL) 
higher degree research (HDR) group.  Justin Scanlan is especially acknowledged for his 
assistance with Rasch analysis of parent survey data and Anita Niehues for her personal 
interest and enthusiasm for the ‘participation’ theme.  Kate O’Loughlin, Jack Noone and 
other staff and students in the Work, Health and Ageing faculty group, are also thanked 
for their interest and encouragement throughout the HDR experience.  The many 
visiting PhD students at NAL during the time of this work were also a source of 
invigoration (and a little distraction), particularly Baljeet Rana, who also gave feedback 
during final conference preparations.  Gitanjali Raman cross-checked published articles 
against the manuscript. 
 
Finally, the author wishes to thank her very good friends and family for their support, 
encouragement and tolerance, especially during the months of final preparation of this 
thesis.  Special thanks go to Joanne Taylor for giving valuable feedback on the opening 
and concluding chapters, and Yvonne Eunson for generously volunteering to proof read 
the final manuscript.  Last, but not least, Pamela Carter is recognised for being a 
remarkable mother and grandmother, a steadfast supporter of women’s education, and 
for her patience during the long wait for another graduation day. 
 
This thesis is dedicated to Louise and Megan Carter who have wholeheartedly shared 
the PhD journey and are always my source of inspiration. 

-1- 
 
 
CHAPTER 1 
INTRODUCTION 
ABBREVIATIONS 
The following abbreviations pertain to Chapters 1, 2, 7 and 8 of this thesis. Additional 
abbreviation lists preceding Chapters 3, 4, 5 and 6 are identical to those included in the 
relevant publications presented in these chapters. 
ADE = acceptable daily exposure; AH = Australian Hearing; ATP = adenosine 
triphosphate; ATS = asymptotic threshold shift; AYE = acceptable yearly exposure; 
CAL = Commonwealth Acoustic Laboratories; CAPE = Children’s Assessment of 
Participation and Enjoyment; CI = cochlear implant; CNS = central nervous system, 
CRC = Cooperative Research Centre; dB = decibels; EVAS = enlarged vestibular 
aqueduct syndrome; HA = hearing aid; HDR = higher degree research; HF = high 
frequency; HI = hearing impaired; HL = hearing level; HTL = hearing threshold level; 
EAM = external auditory meatus; ICF = International Classification of Functioning; 
IHC = inner hair cell; ISO = International Organization for Standardization; ITTS = 
Time Integral of TTS; LAeq = long-term equivalent average sound level; ME = middle 
ear; MPL = modified power law; MPO = maximum power output; NAL = National 
Acoustic Laboratories; NH = “normal” (non-impaired) hearing; NIHL = noise-induced 
hearing loss; NIPTS = noise-induced permanent threshold shift; NITS = noise-induced 
threshold shift; NHMRC = National Health and Medical Research Council; NSW = 
New South Wales; OHC = outer hair cell; OHS = Office of Hearing Services; OT = 
occupational therapy; Pa2 h = Pascal squared hours; PHP = personal hearing protector; 
PSP = personal stereo player; PTS = permanent threshold shift; QoL = quality-of-life; 
RNS = reactive nitrogen species; ROS = reactive oxygen species; SAC = Self-
-2- 
Assessment of Communication; SEM = scanning electron microscope; SN = 
sensorineural; SPL = sound pressure level; RETSPL = reference equivalent threshold 
sound pressure level; TM = tympanic membrane; TTS = temporary threshold shift; 
WHO = World Health Organization; 4FAHL = four frequency average hearing level of 
500, 1000, 2000, & 4000 Hz. 
 
DEFINITIONS 
1. Loud sound experienced during leisure activities has been referred to as “leisure 
noise” or “social noise” (Smith et al., 2000).  In this thesis the term leisure noise refers 
to sounds at or above 80 dB (A), encountered during recreational activities (e.g., music 
in nightclub venues or exercise classes, gunshots, racing vehicle noise) or during 
domestic (non-work) activities (e.g., using gardening and power tools).  While the term 
noise frequently denotes unwanted sound, it is noted that leisure noise is often not only 
acceptable to the listener, but is sought after as a pleasurable experience (Hidecker, 
2008; Gilliver et al., 2013).  No negative connotations are implied by the use of the term 
‘noise’ in this discussion. 
2. Hearing loss refers to the condition in which individual hearing threshold levels 
(HTLs) differ from a recognised (normative population) standard, while HTL shift 
refers to deviation from an individual’s specified baseline audiogram.  It is recognised 
that the terminology surrounding “hearing loss” varies in the literature and among 
authorities, however three concepts are generally differentiated:  i) Threshold shift (or 
threshold impairment), that is, a deviation of individual hearing threshold levels (HTLs) 
from a baseline; either the HTL of the individual or a recognised audiometric standard 
(WHO, 1980), ii) Noise-induced (permanent) threshold shift (NITS, or NIPTS), or 
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noise-induced hearing loss (NIHL), that is, threshold shift estimated to be caused solely 
by noise exposure, in the absence of other causes and, iii) Hearing impairment (or 
hearing disability/handicap), that is, the individual (functional) disadvantage in 
everyday life imposed by HTL shift, particularly in terms of understanding 
conversational speech (ISO, 1990).  For the purposes of this discussion, individuals who 
have been prescribed hearing aids or cochlear implants as part of a hearing 
(re)habilitation program were assumed to have hearing impairment. 
3.  There is currently no universal criterion for “normal hearing” (Schlauch & Carney, 
2012).  In this thesis normal hearing implies HTLs similar to those of reference 
populations (e.g., ISO, 2000), and a state of functionally ‘non-impaired’ hearing. 
4.  The term early hearing impairment is used to denote permanent hearing loss present 
since birth (congenital) or with an onset during infancy, childhood or adolescence (i.e., 
pre-adulthood).  It is acknowledged that some individuals with profound degree of 
hearing loss identify as “Deaf” rather than hearing impaired, particularly among the 
community who primarily communicate using sign language.  This distinction has not 
been made in this thesis and the term “hearing impairment” is used without exclusion of 
individuals with profound hearing loss. 
5.  In the chapter concerning HTL shift, ‘HF’ (high frequency) shift refers to 
deterioration in 2000 and/or 4000 Hz HTLs. 
6.  Unless stated otherwise, ‘dB’ refers to dB HL. 
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OVERVIEW 
This work is presented as a “Thesis Containing Publication”.  At the time of 
preparation, this was a relatively new format without established conventions.  In this 
thesis, the introductory chapter presents a background to, and outline of, the research. 
The hypotheses, main aims and key research questions are all included in this first 
chapter, followed by summaries of knowledge areas which provide context, particularly 
for the reader who may not be a specialist in the areas of audiology and/or hearing loss 
prevention.  Chapters 2 and 3 contain literature reviews.  Chapter 2 provides a summary 
of the literature examining the possible contribution of hearing aid amplification to 
NIHL.  The extensive review of the general literature relating to leisure noise in Chapter 
3 is the first of four peer-reviewed publications contained in this thesis.  Chapters 3, 4 
and 6 are manuscript versions of articles already published by the time this thesis was 
completed.  They replicate the published versions, apart from the removal of American 
English spelling conventions.  Figures, tables and appendices for these publications 
have also been re-identified.  Appendices are included with those for other chapters at 
the end of this thesis.  Chapter 5 contains a manuscript in review at the time the 
preparation of this thesis was completed.  The format of the article included herein may 
therefore vary from the eventual publication.  Chapter 7 presents a summary of results 
prepared for a conference poster presentation.  Finally, Chapter 8 presents a discussion 
of the entire work and its overall conclusions.  The citations for Chapters 1, 2, 7 and 8 
are contained in the final reference list that follows the thesis conclusion.  For the 
convenience of the reader, the references for the four peer-reviewed articles contained 
in Chapters 3, 4, 5, and 6 are included at the end of each of the respective chapters. 
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RATIONALE FOR THE PROJECT 
The research described in this thesis was envisaged in the context of widespread 
community and scientific concern that leisure-noise exposure causes permanent hearing 
threshold level (HTL) shifts in adolescents and young adults.  There is no scientific 
doubt that exposure to sound of sufficient intensity and duration can result in damage to 
the auditory system of humans and animals (Miller, 1974).  The detrimental effects of 
noise on the HTLs of occupationally noise-exposed workers are very well documented 
(ISO, 1990).  There is also clear evidence that a variety of recreational activities (for 
example; attending nightclubs or rock concerts, using firearms or power tools) involve 
sound pressure levels (SPLs) equivalent to those encountered in industry (e.g., Mills, 
1975; Clark, 1991; Opperman, 2006; Beach et al., 2013b).  The observation that some 
recreational environments provide SPLs comparable with those generated by industrial 
processes makes plausible the notion that loud sound experienced during leisure 
activities (i.e., leisure-noise exposure) causes pure tone HTL shift.  Physical plausibility 
contributes substantially to the acceptance of a cause-effect relationship between an 
agent and disease (Hill, 1965).  From the 1960s to the first decade of the 21st century, 
many hundreds of peer-reviewed articles were published (including research results, 
case observations, reviews and commentaries), referring to the possibility of a cause-
effect relationship between leisure noise and hearing injury.  A detailed review of this 
literature is reported in Chapter 3.  It was evident that methods and conclusions of 
previous studies have varied widely.  The dose-response relationship between leisure-
noise exposure and hearing loss for individuals, even with a “normal” pre-exposure 
hearing baseline, has remained undetermined. 
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With respect to the uncertainties about the hearing health implications of leisure-noise 
exposure, the Australian Commonwealth Government, Department of Health and 
Ageing, Office of Hearing Services (OHS), provided funding to the National Acoustic 
Laboratories (NAL) (commencing in 2008) to undertake a large-scale study of the 
hearing health, leisure behaviour and attitudes of young Australians in the general 
population titled: The prevalence of hearing loss and its relationship to leisure-sound 
exposure.  The author of this thesis was responsible for development of research 
protocols for this study, and led the clinical data collection, data collation and 
preparation for data analysis.  The methods and findings of this study have been widely 
disseminated (Carter, 2011; Gilliver et al., 2012; Williams, et al., 2014; Carter et al., 
2015; Williams et al., 2015).  In the initial stage of this work, it was apparent that very 
few young people with early hearing loss were among the participants.  In fact, of more 
than a thousand participants providing survey data, only 24 reported a diagnosis of 
permanent hearing loss prior to participation. Very few wore hearing aids. 
 
The lack of representation of young people with HI in such an important study of 
community hearing health and attitudes was concerning; if “normally hearing” young 
people were found to be at risk of preventable HTL shift as a result of leisure-noise 
exposure, then young people of similar age with pre-exposure HI may be at equal, or 
even greater, risk.  The significant impacts of early HI on an individual’s life 
opportunities – educational, social, and vocational – are well recognised (Access 
Economics, 2006).  Furthermore, the impact of HI can be the most obvious and 
influential during adolescence, when developmental challenges arise; such as the 
establishment of autonomy, identification of self, and affiliation with a peer group 
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(Elkayam & English, 2003).  For young people with HI, HTL shift has the potential to 
increase hearing disability by degrading communication fluency, social interaction and 
educational progress.  In terms of the overall costs (personal and societal) of noise-
related HTL shift, young people with HI may have more at stake than their normally-
hearing peers.  For individuals with HI, even a small HTL shift can have significant 
ramifications in functional terms.  In contrast, based on occupational data (ISO, 2013), 
the chance of severe leisure-noise-related hearing loss in previously normally-hearing 
young people is remote.  It is known from the industrial context that it takes many years 
of repeated, high-level noise exposure for a mild to moderate hearing loss to develop 
from a “normal” hearing baseline, and hearing loss eventually asymptotes.  Population 
data also indicate that occupational noise-induced hearing losses (NIHLs) are also 
typically confined to the higher frequencies. 
 
As noted, a major literature review on the topic of leisure noise was undertaken in 
preparation for this research.  It was notable that despite the very extensive dialogue 
pertaining to leisure noise there was no specific comment about the noise risks, or other 
noise-related issues, for young people with early hearing loss (i.e., congenital or 
acquired pre-adulthood).  The literature was also essentially silent on the typical 
patterns, or profiles, of leisure participation for young people with HI.  Not only have 
young people with HI been overlooked in the academic leisure-noise debate, neither 
have they been the subject of popular media reports, nor specifically addressed in 
mainstream hearing health education campaigns. 
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Deterioration (shift) in the HTLs of children and adolescents with HI has, however, 
been documented in a small number of studies internationally (e.g., Kinney, 1961; Barr 
& Wedenberg, 1965; Macrae, 1968; Reilly et al., 1981; Newton & Rowson, 1988; 
Parving, 1988; Levi et al., 1993; Brookhouser et al., 1994; Berrettini et al., 1999; 
Pittman & Stelmachowicz, 2003).  In some cases, underlying conditions (aetiology) or 
agents (otoxicity) account for hearing deterioration, but in many cases the cause of the 
HTL shift is unknown.  There is also evidence that overamplification by hearing aids 
may, under some conditions, contribute to the accumulation of whole-of-life noise 
exposure (e.g., Macrae, 1995; Dolan & Maurer, 1996).  This potentially places young 
people with HI at additional risk of noise-related HTL shift, compared with their peers 
with NH. 
 
The National Health and Medical Research Council (NHMRC) provided financial 
assistance to carry out this research as an extension (second phase) of the foregoing 
Australian hearing health study described above.  Age-matched (11 – 35 year old) 
participants with congenital or early-acquired (pre-adult onset) hearing loss were 
targeted in this research.  Mirroring the mandate of the first study phase, the overall 
research objective was: 
To determine the incidence of HTL shift in young people with HI, and to examine the 
relationship between HTL shift and leisure-noise exposure. 
 
The question Does leisure-noise exposure cause HTL shift? has typically been 
addressed within the domain of quantitative hearing science.  In the research described 
in this thesis, this question was also fundamentally approached from a quantitative 
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perspective.  However, noise exposure occurs in the everyday world.  Its nature and 
quantity are determined by patterns of human behaviour, or, participation.  The 
fundamental importance of participation, and the significant impacts hearing 
impairment may have upon it, were considered in the design of this research.  In the 
broader context of disability research the World Health Organization (WHO, 2001) 
introduced the concept of ‘participation’ to the rehabilitation sciences, defining it as; 
‘involvement in life situations’ in its International Classification of Functioning (ICF) 
(Colver, 2006; Shikako-Thomas et al., 2008).  The ICF highlights the importance of the 
physical, social and attitudinal environment in which people conduct their lives (Colver, 
2006).  Participation has also been described as the ultimate objective of health and 
rehabilitation services (Coster et al., 2012).  It has been observed, however, that 
compared to the health sector, less work has been done to apply the ICF in the field of 
disability and rehabilitation (Mishra & Rangasayee, 2010).  Coster et al. (2012) also 
emphasised the need for better specification of hypothesised relationships among 
person, activity, participation and environment, to ensure that results of disability 
research are meaningfully interpreted.  In the design of this research, it was also 
recognised that the behaviours of young people with HI may be influenced by self, 
parental and professional beliefs about noise risk, in addition to the social and 
environmental challenges imposed by hearing disability itself. 
 
OUTLINE OF THE PROJECT 
This was a cross-sectional cohort study.  In total, 268 individuals with HI in the age 
range 11 – 35 years (and parents of < 18 year olds) gave consent to participate.  Data 
were obtained using self-report surveys of hearing health, leisure participation and 
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attitudes to hearing health, modelled on the instruments used in the foregoing study 
described above.  The surveys used in the current research are included as Appendix 2 
(participant survey < 18 year olds), Appendix 3 (participant survey > 18 year olds) and 
Appendix 4 (parent/carer survey; HI and NH versions).  All surveys were purposely 
designed by the National Acoustic Laboratories (NAL), as described in Chapter 4.  A 
total of 267 participant and 201 parent surveys were returned to NAL.  In 16 cases, 
however, participant surveys were returned without consent to obtain clinical data.  
Unlike the preceding study phase, participant hearing assessments were not part of the 
research method.  At the time of this investigation, young Australians with HI (up to age 
26 years) were eligible for hearing services, supported by the Australian Federal 
Government, via the statutory authority Australian Hearing® (AH).  As AH was the sole 
provider of subsidised hearing (re)habilitation services (including assessment, hearing 
aid prescription and fitting and support of cochlear implants) to its citizens from birth to 
26 years, a large pool of comprehensive HTL data were available for examination, 
subject to appropriate client and parental consent.  Retrospective HTL data and other 
relevant information from the participant’s case history were collected from clinical 
records, as described in Chapter 5. 
 
Based on participant survey data, individual whole-of-life noise exposures were 
estimated by adapting techniques described in ISO 1999 (ISO, 2013).  Systematic 
differences between the leisure profiles and whole-of-life noise exposures of 
participants with HI, and participants (from the preceding study phase) with NH were 
examined (see Chapter 4).  Relationships between HTL shift and noise exposure, as 
well as other personal and extrinsic factors were examined (see Chapter 5).  The 
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attitudes of parents of adolescent participants with HI and with NH were also compared 
(see Chapter 6).  Finally, a comparison of the attitudes to leisure noise and the use of 
protective strategies of HI and NH participants was made (see Chapter 7). 
  
Significance 
Early hearing loss can impact significantly on an individual’s life opportunities, 
including the capacity to work (Access Economics, 2006).  Deterioration in residual 
hearing (HTL shift) at the personal level can further impact on quality-of-life (QoL) and 
at the societal level may also result in productivity losses.  At the time this research was 
instigated, there was a unique opportunity to obtain valuable data in a relatively 
convenient and cost-efficient way.  This opportunity was time-limited.  Until partway 
through this research, the clinical records of children attending AH were all in hard 
copy.  These files were archived, and eventually destroyed, after eligibility for services 
ended.  Additionally, the provision of hearing services was also under review, with the 
possibility arising that services to young people with HI may no longer be provided by a 
single agency.  As noted, this research was coordinated from NAL, which is the 
research division of AH.  The close relationship between NAL and AH was a great 
advantage in recruitment of participants, as well as in accessing audiological, hearing 
aid information and other clinical details.  The large pool of normative data, collected 
under the direction of the current author in the preceding study phase, also provided an 
immediate ‘control’ cohort for the research. The experience in preparing for the 
previous study phase, particularly the development of survey instruments, was also 
invaluable in undertaking this research. 
 
-12- 
For the reasons described above, it was vital that the special issues for young people 
with HI be introduced to the scientific dialogue about leisure-noise risk.  Given the 
dearth of previous study of the participation and whole-of-life noise exposure of young 
people with HI, it was recognised that this research would provide a foundation for 
filling a range of very significant gaps in knowledge.  The building of a scientifically 
defensible evidence-base would allow audiologists, hearing support teachers and other 
professionals to provide more objective advice to young people with HI and their 
parents.  Such advice would, in turn, enable more informed lifestyle choices to be made 
by young people and their families.  The possibility of noise-induced HTL shift is a 
major concern. Without an appropriate evidence-base, it was suspected that young 
people with HI may be subject to conflicting, or unjustifiably conservative messages, 
which could undermine their potential for participating as fully as possible in the leisure 
activities enjoyed by their peers with NH.  It was also apparent that a greater 
understanding of the attitudes and beliefs of young people with HI, and their parents, 
towards leisure noise would also allow more efficacious educational and therapeutic 
strategies to be developed. 
 
There was clearly an opportunity for the results of this research to be efficiently 
translated into (re)habilitative practice, particularly while NAL was positioned to 
disseminate its findings directly to AH and to provide support with the implementation 
of new information or protocols.  It was anticipated that the instruments used to survey 
participants and parents may potentially be developed as clinical tools that would 
promote more in-depth communication between audiologists, parents and younger 
clients about the effects of hearing impairment on lifestyle, and strategies for 
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overcoming barriers to leisure participation.  It was also intended, of course, that the 
findings of this research be broadly disseminated through peer reviewed publications 
and conferences. 
 
Scope 
At the time of applying for financial support for this research it was estimated (referring 
to AH internal data) that the total number of young people wearing hearing aids in 
NSW, in each birth year in the target population, was approximately 250.  Therefore, 
there were around 6000 potential participants in the target age range within the state of 
NSW.  Publicly released data indicated that in 2014, there were a total of 6341 
individuals < 26 years of age in NSW receiving hearing services (Australian Hearing, 
2015).  A target number of approximately 300 participants was chosen, which 
represented a total of approximately 5% of the population of interest.  The actual 
number of consents obtained represented approximately 4.5% of the target population 
within AH.  A small proportion of participants at the higher end of the target age range, 
however, were not AH clients. 
 
In the preliminary planning for this research, the possibility of performing physical 
measures of noise exposure for a subset of participants wearing hearing aids was 
considered but, with the resources available, the scope for objective measurements 
would have been quite limited.  Fortunately, by the time data collection commenced, a 
very large set of dosimetry measurements obtained in a wide range of leisure situations 
had been amassed by NAL (now available online as the ‘NOISE database’; 
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http://noisedb.nal.gov.au) which provided suitable data for the estimation of whole-of-
life noise exposures in the current research. 
 
A number of areas were of great interest, but were on the periphery of the main scope of 
this thesis, in particular, the attitudes of young people with HI towards leisure noise.  
Given the large number of gaps in knowledge to fill, attitudes data became of secondary 
focus in the analyses.  Preliminary attitudes and behaviours findings are presented in 
Chapter 7.  The relationship between leisure noise and hearing symptoms (i.e., tinnitus, 
temporary HTL shift) in young people with HI was also highly relevant, and data were 
collected, but analysis of this data was not performed as part of this thesis.  The quality-
of-life (QoL) aspects of the leisure participation of young people with HI were beyond 
the scope of this research. 
 
Power analysis  
The level of statistical significance was set at 5% and the power was 80%.  Based on the 
assumptions made, and the chosen effect sizes of interest (a minimum attitudes score 
difference of 0.5 and HTL shift of 1 dB per year for each doubling of noise exposure), 
the required sample size for studying perception of risk was estimated to be 76 (38 with 
HI and 38 with NH), and the required sample size for studying rate of hearing 
deterioration about 220.  A larger sample size than this was targeted, on the basis that 
data for HI participants may be analysed in a small number of subgroups, and that 
sufficient data would be required for meaningful analysis in this case.  Proportionally, a 
smaller number was required for the control (NH) group, who would be homogeneous 
in terms of hearing status.  However, a very large pool of data for NH participants was 
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already available.  It was anticipated that noise exposure estimates may involve some 
degree of error (particularly as the measures used were newly developed), making the 
larger sample size useful. 
 
AIMS AND HYPOTHESES 
The research described in this thesis had five main aims: 
1) To investigate the leisure-activity profiles of young people with HI. 
2) To estimate the whole-of-life noise exposures of young people with HI. 
3) To investigate the incidence of HTL shift among selected participants with HI. 
4) To examine relationships between HTL shift, leisure-noise exposure and other 
relevant factors, among participants with HI. 
5) To compare the attitudes and beliefs of parents of adolescent HI and NH 
participants about the risks of leisure-noise exposure.   
The attitudes of young people themselves towards leisure noise were also of interest. 
 
With respect to these aims, it was hypothesised that:  
A) Young people with HI participate less in leisure activities than their peers with 
NH, and hence have relatively lower whole-of-life noise exposures.   
B) Greater whole-of-life noise exposure is positively associated with an increased 
incidence of HTL shift.  Furthermore, there is an ‘exposure-response’, or ‘dose-
response’ relationship between exposure and HTL shift. 
C) Frequent use of hearing aids in high-noise environments, and hearing aid use at 
higher than recommended volume settings, are associated with HTL shift. 
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D) Experience of HI (self or child) is associated with heightened awareness of, and 
concern about, noise-injury risk. 
The research aims were addressed in a series of analyses, which are described in detail 
in Chapters 4, 5 and 6 of this thesis.  In doing so, the following questions were 
addressed:  
1) How do the leisure activity profiles and whole-of-life noise exposures of young 
people with HI compare to those of their NH peers? (Chapter 4). 
2) What is the incidence of HTL shift in young people with early-diagnosed HI? 
(Chapter 5). 
3) What factors are associated with HTL shift in early-diagnosed HI? (Chapter 5). 
4) How permissive (or restrictive), are parents of adolescents with HI, compared 
with parents of young people with NH? (Chapter 6). 
A preliminary analysis of participant attitudes and behaviour data is presented in 
Chapter 7. 
 
RELATED CONCEPTS 
The following sections of this chapter provide background information on the following 
topics: (1) The incidence of early hearing impairment, (2) Basic physiology of the 
human auditory system and, (3) The effects of noise exposure on the auditory system, as 
scientifically understood at the time this research was initiated.  It is noted that this is a 
dynamic field in both animal and human research, therefore knowledge and theory 
continue to evolve. 
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INCIDENCE OF HEARING IMPAIRMENT 
Hearing impairment has continued to be the most prevalent disability in Western 
societies (Borchgrevink, 2003).  Kopecky and Fritsch (2011) recently reported that over 
278 million people worldwide have sensorineural (SN) hearing loss.  It is estimated that 
one in six Australians are affected by hearing loss, rising from a prevalence of 1% in 
young people (aged under 15 years) to three in every four people over the age of 70 
years.  The major consequence of hearing loss (particularly when the onset is early in 
life) is a reduced capacity for verbal communication, which in turn can impact on an 
individual’s life opportunities − educational, social, and vocational (Access Economics, 
2006).  There can also be significant emotional and QoL burdens of hearing loss, both 
for individuals with hearing loss and their families (Kopecky & Fritzsch, 2011).  It has 
been reported that many adolescents learn that feeling ‘left out’ is a natural consequence 
of having a hearing loss (Elkayam & English, 2003).  Hearing loss also places a 
substantial financial burden on society (Access Economics, 2006; Kopecky & Fritzsch, 
2011). 
 
The main population of interest in this research were young people with ‘early’ hearing 
loss.  That is, hearing loss which is either congenital, or acquired pre-adulthood.  Infants 
and young children diagnosed with permanent bilateral hearing loss, whether mild, 
moderate, severe or profound in degree, are typically fitted with hearing aids (and may 
subsequently receive cochlear implants) to address the disabling effects of the hearing 
loss (i.e., to reduce ‘impairment’).  Hearing loss of participants in this research was 
permanent, and in most cases was bilateral and SN.  SN loss is described in the 
following section.  Participants were deemed to have hearing impairment on the basis 
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that remediation, including the fitting of hearing aids and/or cochlear implants, had 
occurred. 
 
As noted, at the time of writing heavily-subsidised hearing (re)habilitation services 
(including provision of hearing aids and support of cochlear implants) were 
systematically provided to young Australians (from birth up to the age of 26 years) by 
the Federal Government, under the Commonwealth Hearing Services Program, through 
a single national service provider (AH).  AH services include, hearing assessment, 
hearing aid prescription, fitting and maintenance, and support of cochlear implants.  
Detailed demographic information is periodically made publicly available.  AH data 
(Australian Hearing, 2015) indicated that 21,968 young people (under the age of 26 
years) received AH services nationally (at December 2014).  Of these, 29% were 
residents in the state of New South Wales (NSW).  During 2014, 2609 young people (< 
21 years of age) were fitted with hearing aids (‘aided’) for the first time across 
Australia.  In 2014, the proportion of aided males < 26 years of age nationally was 
slightly higher than females, at 52.1%.  For NSW, the proportion of females and males 
was 49.3% and 50.7% respectively.  To provide some perspective regarding the 
prevalence of hearing aid fitting among Australian children, in 2010, 1878 children 
(aged ≤ 15 years) received hearing aids for the first time (Australian Hearing, 2011).  
Concurrently, the total number of Australians under 15 years old was estimated at 4.21 
million (ABS, 2011). 
 
The degree of hearing loss (according to the pure tone audiogram) corresponds with 
functional hearing impairment to some extent.  As shown in Table 1.1, the majority of 
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young Australians with HI have a mild or moderate degree of hearing loss, with the 
proportion of cases decreasing as degree of hearing loss increases (Australian Hearing, 
2015). 
 
Table 1.1: Degree of hearing loss. AH aided clients < 26 years at December 2014. 
Degree of hearing loss  
3FAHL*(dB) 
Broad description Proportion 
nationally 
# NSW 
0−40 dB Mild hearing loss 62% 3378 
41−60 dB Moderate hearing loss 19% 1448 
61−90 dB Severe hearing loss 10% 831 
91+ Profound hearing loss 9% 674 
* Three-frequency average hearing level (3FAHL) of 500, 1000, and 2000 Hz in the better 
hearing ear. 
 
The time of occurrence (‘onset’) of hearing loss is critical to the degree of functional 
impairment and the course of child development (Altman, 1996).  As noted, speech and 
language development may be particularly affected if hearing loss is present in infancy 
or early childhood. 
 
HEARING AND NOISE INJURY 
Physiology of hearing 
The processes of noise injury are subtle and cannot be directly observed.  Exposures 
that damage hearing are not necessarily painful, and may not even cause annoyance to 
the affected individual (Kujawa & Liberman, 2009).  Some theoretical understanding of 
the physiology of hearing is required, in order to appreciate the complicated 
mechanisms which are now understood to be involved in noise injury (Basner et al., 
2014).  The human auditory system involves intricate mechanical, biochemical and 
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electrophysiological processes and is anatomically complex.  Advances in 
electrophysiology, molecular biology, genetics and imaging have led to significant 
increases in the understanding of the auditory system, down to the cellular and 
molecular level (Evans & Kros, 2006).  At the macro level, the human auditory system 
is generally described in two parts; the periphery and central auditory pathway, as 
illustrated in Figure 1.1.  As detailed in the following section of this chapter, permanent 
noise-induced hearing loss (NIHL) is understood to primarily involve destruction of the 
mechano-sensory structures of the cochlea, in the periphery of the auditory system 
(Kujawa & Liberman, 2009).  Therefore, the following section focuses on knowledge of 
the auditory periphery, rather than the higher processes of the central auditory pathway. 
 
The periphery of the human auditory system has three sections: the outer ear, the middle 
ear and the inner ear, as illustrated in Figure 1.2.  The outer ear consists of the pinna 
(also referred to as the auricle, or external ear) and the external auditory meatus (EAM, 
or ear canal).  The pinna gathers sound waves into the EAM and, together with the 
EAM, modifies the acoustic spectrum of sound as it enters the auditory system.  These 
spectral modifications provide important cues to the listener about the spatial location of 
the sound source (Harrison, 2007) and also affect the sound pressure at the tympanic 
membrane (TM) (Pickles, 2008).  The EAM ends at the TM, which is composed mainly 
of collagenous fibres.  The internal surface of the TM is lined with a mucosal layer of 
squamous cells (Harrison, 2007).  The sound waves that travel through the EAM cause 
the TM to vibrate and these vibrations are passed into the middle ear structures.  The 
middle ear is essentially an air-filled space within a bony structure, consisting of the 
tympanic cavity or tympanum (medial to the TM), and the epitympanic recess (or attic) 
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in the region above the tympanic cavity.  The middle ear acts as an impedance 
transformer, between the low-impedance air in the external ear and the higher 
impedance of fluids in the inner ear.  A maximal increase in sound intensity of around 
15 – 20 dB occurs as a result. 
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                PERIPHERY                           CENTRAL AUDITORY PATHWAY 
 
Figure 1.1: Peripheral and central auditory pathways (Figure 1, Londero et al., 2006). 
Reproduced with permission. 
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Figure 1.2: The human ear (Australian Hearing, 2013).  Reproduced with permission. 
The transmission of sound through the middle ear is also modified by actions of 
muscles in the middle ear, referred to as acoustic reflexes (Pickles, 2008).  The middle 
ear contains three minute bones, the ossicular chain, which mechanically conduct 
sound; the malleus (hammer) which is attached to the TM at the manubrium, the incus 
(anvil) which is the central connector of the three ossicles, and the stapes (stirrup).  The 
movements of the stapes footplate apply a pressure wave which enters the inner ear 
(Rappaport & Provenҫal, 2002). 
 
Inner ear structures, including those susceptible to noise trauma, have been difficult to 
study directly in humans as they undergo rapid post-mortem change (Schrott-Fischer, 
2002).  However, histological animal studies, including pioneering studies in frog and 
turtle, and mammalian studies of cat, guinea pig and mouse, have revealed much about 
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active cochlear function and the effects of noise exposure on these processes (Evans & 
Kros, 2006; Lin et al., 2011).  Felix (2002) provides a useful summary of the many 
similarities between human and other mammalian cochlear anatomy, also highlighting 
the importance of differences when applying animal models to the study of human 
auditory function. 
 
The human inner ear is enclosed within the petrous portion of the temporal bone and 
contains the cochlea (organ of hearing), semi-circular canals and vestibule (organs of 
balance).  The cochlea is a tubular structure of about 30 mm length, coiled into a 2¾ 
turn spiral, with two outer scalae, or chambers (Rappaport & Provenҫal, 2002; Pickles, 
2008).  The fibrous tissue of the basilar membrane, separates the cochlea lengthwise 
into two parallel portions; scala vestibuli and scala tympani (as shown in Figure 1.1), 
except at the termination (apex) where the chambers communicate.  Scala vestibuli 
adjoins the middle ear at the oval window where the stapes footplate rests, while scala 
tympani adjoins the middle ear at the round window.  Scala vestibuli is further 
subdivided by Reissner’s membrane to form scala media.  The cochlea is thus divided in 
almost all mammalians. (Felix, 2002).  Scala vestibuli and scala tympani both contain 
perilymph, which has an ionic composition similar to cerebrospinal fluid and is rich in 
sodium (Na+), while scala media is filled with endolymph which is rich in potassium 
(K+) (Rappaport & Provenҫal, 2002).  Because the inner ear structure is filled with 
essentially incompressible fluid, as the stapes footplate moves inward the round window 
bulges outward, and vice versa.  Fluid moves from scala vestibule to scala tympani, 
initiating a wave beginning at the basal end of the cochlear (near the oval window) that 
moves towards its apex (Ward et al., 2003).  Scala media appears to be implicated in the 
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electrochemistry of the cochlea, rather than its mechanical function (Johnstone & 
Sellick, 1972).  It is bordered below by the organ of Corti, which contains the 
transducing cells, referred to as ‘hair cells’, of which there are two types; inner hair cells 
(IHCs) and outer hair cells (OHCs).  These cells have many projections from their 
apical surface, referred to as stereocilia.  There are three rows of OHCs and one row of 
IHCs, with a total of approximately 15,000 hair cells in each human ear (Pickles, 2008).  
The IHCs are mechanoelectric transducers which synapse with radial dendrites of the 
spiral ganglion neurons.  The OHCs enhance the motion of the basilar membrane and 
provide IHC transduction with its very fine tuning (Puel et al., 2002). 
 
Recently, using confocal microscopy of the mouse cochlea, Kujawa and Liberman 
(2009) recorded many details of the cochlear sensory ephithelium; including cochlear 
length, number of hair cells, synapses and synaptic ‘ribbons’, and the precise location of 
IHCs.  Figure 1.3 shows a schematic of mouse cochlear epithelium from this work, 
which illustrates the arrangement of inner and outer hair cells and their innervation.  
The relevance of the observations in this study to human ears, particularly when noise-
exposed, was noted by the authors.  A very simplified schematic of the human organ of 
Corti is included in Figure 1.1 above, and a number of detailed cochlea schematics are 
also available in Pickles (2008; Figures 3.1, 3.2, 3.3). 
 
The way in which sound waves travel within the human cochlea has been investigated 
theoretically, using mechanical and mathematical models (Pickles, 2008).  It is 
understood that the movement of the stapes footplate induces a pressure wave in scala 
vestibuli, causing vibration of the basilar membrane. 
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Figure 1.3: Schematic of the cochlear sensory epithelium showing inner and outer hair 
cells and their afferent innervation; histological study of mouse cochlea (Kujawa & 
Liberman, 2009, p. 14078; Figure 1).  Reproduced with permission. 
 
Travelling waves produced by high frequency sounds peak near the base of the cochlea, 
while low frequency sounds are transduced near the apex.  Travelling waves within the 
cochlea have sharply tuned peaks arising, as noted, because the OHCs make an active 
mechanical response that amplifies the vibration of the basilar membrane as the wave 
passes.  This active amplification by the cochlea has its largest effect at low stimulus 
levels, that is, the basilar membrane moves with a “compressive non-linearity” (Pickles, 
2008, p. 69). 
 
Vibration of the basilar membrane causes bending of the stereocilia on the top of the 
transducer cells (IHCs and OHCs) within the organ of Corti.  The stereocilia deflect 
because of the shearing action of OHCs and the dragging motion of IHCs (Rappaport & 
Provenҫal, 2002; Pickles, 2008).  A well supported hypothesis of the transduction 
process is that at, or near, the tips of the stereocilia there are adenosine triphosphate 
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(ATP) ‘gated’ ion channels (Pickles, 2008; Housley et al., 2013).  Deflections of the 
stereocilia of the IHCs briefly open these mechano-sensitive channels.  The stereocilia 
are in contact with endolymph which, as noted, is high in K+, has a low level of Na+ 
and has a highly positive potential, which gives rise to the flow of K+ out of the 
endolymphatic space.  It is widely agreed that the neurotransmitter released is likely to 
be glutamate (e.g., Pickles, 2008).  Synapses show specialisations that permit rapid and 
reliable activation of the nerve fibres.  As observed by Kujawa and Liberman (2009), on 
the presynaptic membrane, the synapse is often marked by small ‘ribbons’ at right 
angles to the cell wall (see Figure 1.3), surrounded by synaptic ‘vesicles’.  The 
presynaptic ‘ribbon’ appears to tie the vesicles and prepare them for active transport of 
molecules out of the cell.  Vesicles on the synapses fuse after the elevation of K+ 
(Dallos, 1992; Pickles, 2008).  The pathways within the human organ of Corti and the 
complex nature of many supporting cells, observed using scanning electron microscopy 
(SEM), have been described in detail by Glueckert et al. (2005). 
 
Within the cochlea, mechanical energy is thus converted into neuronal electrical 
information, which is then conducted to the cerebral structures beyond the periphery 
(Londero et al., 2006).  The arrangement of the cochlea is tonotopic and, as such, it has 
been described as a ‘frequency analyser’ because of its role in splitting incoming sound 
into its component frequencies; for transmission in separate neural channels to the next 
area of the auditory pathway, the cochlear nucleus (Dallos, 1992; Evans & Kros, 2006).  
The afferent fibres, which convey information to the central nervous system (CNS) have 
their cell bodies in a structure known as the spiral ganglion, with one process 
connecting each cell to the cochlear nucleus in the brainstem.  The human cochlea is 
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innervated by around 30,000 afferent sensory neurones and another ~1400 efferent 
neurones, which allow the CNS to also influence the cochlea (Pickles, 2008). 
 
Disorders at the level of the cochlea, or beyond, are the cause of SN hearing loss.  SN 
hearing loss has been described a ‘multifactorial disease’ that can result from gene 
mutations, exposure to damaging environmental agents (including noise exposure), or 
ageing.  Currently, SN loss has no medical treatment (Kopecky & Fritzsch, 2011).  In 
contrast, conductive hearing loss arises from disorders in the outer or middle ear that 
impede the progress of sound to the inner ear.  In many cases, conductive hearing loss 
can be medically reversed.  The social difficulties of hearing loss may be reduced by 
hearing aid or cochlear implant use but are never entirely eliminated (Elkayam & 
English, 2003; Kopecky & Fritzsch, 2011).  Even when well accepted and appreciated, 
hearing aids are also a “conspicuous extension” of the body (Altman, 1996, p. 205) and 
present a level of everyday inconvenience to wearers.  Prevention of hearing loss 
through protection of the structures and functions of the peripheral auditory system is 
therefore extremely important, however, it is not always achievable (Kopecky & 
Fritzsch, 2011). 
 
Pathological effects of noise exposure 
“Persons regularly exposed to noise can develop hearing loss of varying severity. Due 
to this hearing loss their understanding of speech, perception of everyday acoustic 
signals or appreciation of music may be impaired” (ISO, 2013, p. v). 
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NIHL is regarded as a major public health problem (Kujawa & Liberman, 2009; Basner 
et al., 2014).  It has been estimated that there is a noise-induced component in almost 
40% of hearing loss cases in the Australian population (Wilson, 1998; Access 
Economics, 2006).  The adverse effects of noise on hearing have been the subject of 
extensive research in the fields of psycho- and physiological acoustics over a long time 
period.  Scientific interest can be traced back to the start of the industrial revolution, in 
the context of problems created by the intensity and prevalence of mechanical noise 
(Kryter, 1985).  Clinical observations of hearing problems in people exposed to noise 
have been reported for almost two hundred years.  Fosbrooke is credited with making 
the first report (published in 1830), pertaining to a group of English blacksmiths 
(Glorig, 1958).  Glorig (1958, p. 4) also noted that 1946 marked the “beginning of a 
concentrated effort to discover the relations of hearing loss to noise exposure.”  While 
field and clinical case studies have been criticised as being subject to considerable error, 
carefully conducted studies of this type have provided important information about the 
effects of noise on hearing (Miller, 1974). 
 
Noise-related damage to cochlear structures cannot be directly observed in vivo in 
humans.  Measurements of changes in auditory sensitivity (i.e., behavioural audiometry 
using pure tone stimuli) following periods of noise exposure have therefore traditionally 
been the mainstay of direct research (Ward et al., 2003).  There is longstanding 
scientific acceptance that exposure to noise (of sufficient intensity, over sufficient 
periods of time) can cause loss of hearing acuity in humans (Mills, 1975).  This hearing 
loss (or, HTL shift) may be permanent/irreversible, in which case it is referred to as 
permanent threshold shift (PTS) or noise-induced permanent threshold shift, (NIPTS).  
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When hearing acuity decreases then recovers after exposure to noise, either partially or 
completely, it is referred to as temporary threshold shift (TTS) or noise-induced 
temporary threshold shift (NIPTS).  It has been observed that after a period of time TTS 
reaches asymptotic values, referred to as asymptotic threshold shift (ATS) (Mills, 1982; 
Macrae, 1994a). 
 
Obviously, it is ethically impossible to experimentally induce PTS in human subjects in 
order to study the underlying processes involved.  Therefore animal studies, including 
experiments in which hearing thresholds of animals before and after deliberate exposure 
to loud sound under controlled laboratory conditions were compared, have been relied 
upon  (Miller, 1974).  Many experimental and histological studies during the mid-20th 
century provided the foundation to our current understanding of the effects of noise on 
hearing function (Miller, 1974; Mills, 1975; Rintelmann & Bess, 1977).  Miller (1974) 
noted the general scientific conclusion that noise exposure damages the inner ear 
receptor cells which, once destroyed, do not regenerate and [even to date] cannot be 
stimulated to regenerate.  However, as noted previously, advances in imaging, 
electrophysiology and other techniques have significantly extended scientific 
understanding of the adverse effects of noise on cochlear function in more recent times. 
 
It has been observed that HTL shift as a result of noise exposure occurs in two distinct 
ways, depending on the nature of the noise itself (Clark & Bohne, 1999; Rabinowitz, 
2000).  Firstly, at very high-level sound energy (130 dB +; Rauchegger & Spoendlin, 
1981) large vibrations can actually detach the organ of Corti from the basilar membrane.  
This mechanical damage is referred to as ‘acoustic trauma’ and can cause immediate 
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PTS (Clark & Bohne, 1999; Nicotera, 2001).  Even a very short duration (‘impulse’) 
sound, such as an explosion or gunshot, is capable of inducing this type of trauma.  
Earlier reports of the pathological effects of acoustic trauma referred to swollen or 
missing hair cells, defects in the stereocilia, failure of tight cell junctions and their 
supporting cells (Beagley, 1965; Spoendlin, 1976), ischemia/reperfusion, and loss of 
metabolic and mechanical control (Bohne & Rabbitt, 1983; Hamernik et al., 1984).  
Secondly, noise exposure at less extreme, but nevertheless high intensity levels, may 
cause a shearing force on the hair cells which leads to cellular metabolic overload.  
There is also evidence that repeated noise exposure can cause disorganisation, fusion 
and loss of stereocilia of the OHCs within the organ of Corti (Clark & Bohne, 1999; 
Zhao et al., 2010).  Furthermore, as glutamate works as a neurotransmitter between the 
IHCs and the auditory nerve, noise can overstimulate IHCs – causing glutamate levels 
to rise to the point of becoming ototoxic, thus causing IHC damage (Zhao et al., 2010).  
Nicotera et al. (2001) noted the theory that noise exposure results in an oxidative stress 
response.  More recently, it has been shown that with noise exposure, intense metabolic 
activity in the cochlea allows the formation of free radicals, including reactive oxygen 
species (ROS) and reactive nitrogen species (RNS), or the antioxidant system may be 
diminished (Evans & Halliwell, 1999; Kopke et al., 2005; Henderson et al., 2006; Le 
Prell, 2007).  Henderson et al. (2006) described the role of ROS in hair cell death 
(necrotic and apoptotic).  Reduction in cochlear blood flow during noise exposure has 
also been identified (Le Prell et al., 2007).  Kujawa and Liberman (2009) found 
evidence that permanent NIHL is not only caused by complete and immediate 
destruction of cochlear hair cells, but also via damage to their mechano-sensory hair 
bundles.  Additionally, these authors reported that noise-induced loss of spiral ganglion 
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cells can be delayed by months, or even years, after exposure.  This report revealed for 
the first time that slow degeneration of spiral ganglion cells could occur without loss of 
inner or outer hair cells, and with full reversal of threshold shift (Lin et al., 2011). 
 
There have also been many human and animal studies involving noise exposure that 
produced temporary (reversible) changes in the hearing mechanism (Miller, 1974).  
Nevertheless, it was noted quite recently that the physiological mechanisms of TTS 
have not been well understood (Zhao et al., 2010).  Several possible processes have 
been proposed, including; synaptic fatigue, fatigue caused by changes in the metabolic 
process of the IHCs and OHCs and changes in cochlear blood flow (Patuzzi, 1998; 
Yamasoba et al., 2005).  Kujawa and Liberman (2009) reported that there is no hair cell 
death in temporary NIHL, however described evidence of swelling of cochlear nerve 
terminals, suggestive of glutamate excitotoxicity, within a day of noise exposure.  Post 
exposure recovery of hearing threshold sensitivity has been assumed to be indicative of 
reversal of such damage to delicate mechano-sensory and neural structures of the inner 
ear, with no ongoing consequences for auditory function.  More recently, Housley et al. 
(2013) showed that the ATP-gated ion channels in the cochlea underpin hearing 
adaptation and TTS. 
 
However, as noted above, Kujawa and Liberman (2009) reported that even where 
cochlear sensory cells remain intact after insult, acute loss of afferent nerve terminals 
and delayed degeneration of the cochlear nerve may occur.  Damage of this type may 
have progressive consequences, which may not be readily revealed by conventional 
hearing threshold testing (i.e., pure tone audiometry).  This primary neuro-degeneration 
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may be implicated in difficulty in hearing in adverse (noisy) environments, and 
symptoms such as tinnitus (ringing or buzzing noises in the head or ears), hyperacusis 
(increased sensitivity to loud sound) and other ‘perceptual anomalies’.  Lin et al. (2011) 
suggested that the fibres contacting each hair cell comprise different subtypes; that have 
different spontaneous discharge rates and also differ in threshold sensitivity (citing 
Liberman, 1978).  Based on their observations of the noise-exposed guinea pig, Lin et 
al. (2011) also speculated that where HTLs return to normal after exposure, there may 
be remaining difficulty with perceptual tasks (particularly listening in background 
noise) if there is a selective loss of high-threshold fibres, which have been shown to be 
resistant to the masking introduced by background noise (Costaloupes et al., 1984).  
Previously, Emmerich et al. (2002) also observed that tinnitus symptoms frequently 
accompanied TTS, and lasted for approximately the same period.  They speculated that 
TTS may involve disturbances in central auditory processing, and that hidden damage 
may remain, even if a TTS normalises completely. 
 
It is also important to note that significant inter-individual variations in susceptibility to 
noise injury have been observed (Quaranta et al. 2001) and the biological reasons for 
variation in the effects of noise on individuals are still not fully understood.  Genetic 
bases of susceptibility to NIHL have been demonstrated in animal and human studies 
(e.g., Davis et al., 2001; Abreu-Silva et al., 2011; Shen et al., 2012, Lavinsky et al., 
2015).  For example, Shen et al. (2012) conducted a large study of workers (n = 444 
with NIHL; n = 445 normal hearers), concluding that that GSTM1 (Glutathione S-
transferase Mu 1) polymorphism is associated with susceptibility to NIHL. 
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Noise measurement and exposure profiling 
Mechanised processes are the greatest source of noise, and most detailed knowledge of 
NIHL has been obtained from industrial surveys (WHO 1980).  Prior to the 1940s, a 
lack of uniformity in noise measurement techniques made assessment and comparison 
of the noise levels in industrial environments difficult (Williams, 2011).  At the time, 
there was also a lack of standardisation in audiometric testing, and no consensus about 
absolute hearing threshold level; that is, reference equivalent threshold sound pressure 
level (RETSPL) or ‘audiometric zero’ (Schlauch & Carney, 2012).  In 1964, results 
from 15 hearing surveys were combined to derive the RETSPLs for an international 
standard for the calibration of audiometers, addressing this issue for the first time (ISO, 
1964; Schlauch & Carney, 2012).  Once international consensus regarding hearing 
assessment and noise measurement were reached, data became more reliable and 
comparisons between data sets feasible. 
 
Reliable HTL data based on representative population samples are required, in order to 
identify the presence of, and degree of, hearing loss (Engdahl, 2005).  Reports were 
published in the 1960s and 70s, describing cross-sectional studies of workers’ pure tone 
audiometric thresholds, many of which also included direct measurements of the loud-
sound environments to which these workers were exposed (WHO, 1980).  Apart from 
manufacturing environments, occupational settings observed included shipyards, jet 
engine test rooms, foundries, transportation and forestry.  Hearing loss as a result of 
workplace noise exposure was formally recognised when the International Organisation 
for Standardization (ISO) published the first edition of ISO 1999: 1975 Acoustics – 
Determination of occupational noise exposure and estimation of noise-induced hearing 
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impairment (ISO, 1975), which set out the statistical relationship between occupational 
noise exposure and NIPTS (Williams, 2011).  The first World Health Organisation 
(WHO) Task Group on Environmental Health Criteria for Noise was convened in 
Brussels in 1977 and subsequently the first edition of Environmental Health Criteria 12 
– Noise was published (WHO, 1980).  In this publication it was noted that in the studies 
for which both hearing threshold level and previous noise exposure data were available, 
significant hearing loss was common at higher frequencies, but rare at lower 
frequencies.  In addition, a clear relationship was generally observed between increasing 
noise level and increasing incidence of hearing loss, which may be referred to as a 
response gradient, or ‘exposure-response model’ (Williams, 2009). 
 
ISO 1999 (current edition; ISO, 2013) is still the main evidence base for estimation of 
noise risk, and specifies a method for calculating the expected NIPTS in adult 
populations, given various levels and durations of noise exposure (specifically, after 10, 
20, 30 and 40 years of exposure).  These standards are widely used to determine 
whether a work environment is hazardous, with separate approaches for continuous and 
impulsive noise (Williams, 2009).  It is emphasised that the standards are not intended 
for use in predicting NIPTS or assessing individual cases.  They only specify hearing 
loss, and do not specify the extent of hearing impairment (i.e., functional impacts of 
hearing loss).  However, according to the standard for continuous exposure, it is 
accepted that if occupational noise exposure is limited to a long-term average equivalent 
level (LAeq) of 85 dB A-weighted, over an eight hour day (assuming a typical working 
year of approximately 220 days), the median of the population will be protected from 
NIPTS to an acceptable extent (AS/NZS, 2005), with respect to balancing safety and 
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productivity.  It should be noted that this standard assumes that during the remaining 16 
hours per day the individual’s exposure remains below 75 dB(A) (WHO, 1980).  The 
SPL averaged over a selected time period (LAeq) is used in this context, as it provides a 
better indication of the possible hazard arising from the noise.  According to 
conventional protocols, an A–weighted frequency response (LAeq) is adopted in order to 
better characterise the effect of the noise on the typical human ear (Williams, 2009). 
 
The acceptable exposure criterion is referred to as LAeq,8h of 85 dB, or an ‘acceptable 
daily exposure’ (ADE) (Williams, 2009).  In total sound energy terms, one AYE is 
approximately equivalent to 1 Pascal squared hour (i.e., 1.01 Pa2h).  Over a working 
year the acceptable yearly exposure (or AYE) is therefore approximately 220 Pa2h.  It is 
important to emphasise that limiting exposure to this level does not guarantee that 
hearing injury will always be prevented. 
 
Furthermore, noise exposure is not always regular in its intensity and duration, and may 
be intermittent rather than continuous.  It has also been observed that patterns of noise 
exposure frequently vary across the lifespan (Williams, 2009).  To determine the 
relative risk of various individual exposures, or to estimate the accumulated exposure 
for an individual over a specific time period, an exchange rate which takes into account 
both the intensity level and duration of various exposures is required.  Firstly, based on 
an ‘equal energy’ principle, there is agreement that an increase of 3 dB represents a 
doubling of noise energy and thus, to mitigate risk to the acceptable level represented by 
LAeq,8h of 85 dB, the exposure duration must decrease by half (Williams, 2009).  Any 
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specific exposure can be referenced to LAeq,8h of 85 dB by applying the following 
formula: 
Exposure in Pascal squared hours = 4𝑇𝑇 × 100.1(𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴−100) 
 
Where T represents the exposure time in hours, and L represents the A-weighted 
equivalent sound level over that time. 
 
Using this approach, multiple exposures can be summed to estimate the total exposure 
of a given period.  Typically, exposures over one year or over an individual lifetime 
(referred to as the “whole-of-life” noise exposure) are summed.  This approach is 
explained in detail with a hypothetical example in Williams (2009) and the same 
technique was used for estimating whole-of-life noise exposure in the current study.  It 
should be noted that this procedure is, to some extent, an oversimplification of a 
complex and not fully understood process.  As noted previously, significant inter-
individual variations in susceptibility to noise injury have been observed.  Nevertheless, 
this method of building an exposure profile is well established in principle and is 
consistent with the approach of most workplace noise exposure standards commonly 
used worldwide (Williams, 2009).  Williams concluded that the attempt to construct 
whole-of-life noise exposure profiles is important, given the utility of being able to 
consider multiple sources of noise hazard.  This can help to provide clarity when used as 
an educational tool in hearing loss prevention programs. 
 
It should also be noted that these methods are based on data obtained from individuals 
with NIHL acquired in adulthood.  The exposure-response relationship for the 
population in which hearing loss is present from early in life, and pre-exists noise 
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exposure, is unknown at this time.  There is reason to believe that an ear with existing 
SN hearing loss is less likely to suffer damage from a given noise exposure than an ear 
with NH.  Macrae (1992) made this point, on the basis that while output levels from 
high-gain hearing aids are such that a person with NH would suffer permanent hearing 
loss after wearing them for a short period of time, hearing aid users are not so 
immediately and dramatically affected.  Based on the work of Robinson (1991), Macrae 
deduced that mathematical formulas which are used to predict damaging effects of noise 
exposure on NH may require modification when applied to ears with SN loss.  It has 
also been noted that in this context, the relationship of TTS to PTS is unknown (Reilly 
et al., 1981). 
  
-39- 
CHAPTER 2 
LITERATURE REVIEW (A):  HEARING AID AMPLIFICATION 
 
INTRODUCTION 
Hearing aids are fitted to make speech and other environmental sounds louder; to 
provide audibility to the wearer affected by loss of hearing acuity (Carhart, 1980).  
Given the scientific certainty that long-term exposure to high intensity sound can cause 
permanent deterioration of hearing, the possibility that hearing aids (by nature of their 
intended purpose) may contribute to deterioration in the wearer’s residual hearing was a 
subject of speculation soon after hearing aids were first made available.  Amplification-
related HTL shift continued to be a topic of significant enquiry and debate for over half 
the 20th century.  The implications for children with HI were the main focus of the 
relevant literature (Rintelmann & Bess, 1977).  Although the research described in this 
thesis did not directly examine the possible contribution of hearing aid amplification to 
noise-induced hearing loss (NIHL), a brief overview of this literature is provided in this 
chapter.  This information gives the reader an important context for some of the 
discussion of the current research presented in Chapters 4 and 5. 
 
HEARING AID DEVELOPMENT 
Electroacoustic hearing aids have been available for just over a century (Dillon, 2001), 
becoming commercially available in the early 1900s.  However, devices powerful 
enough to assist those with more severe hearing loss were not available until around 
1936 (Berger, 1980).  From this time, the fitting of hearing aids appears to have become 
more widespread.  During World War II (1939 – 1945) the emerging profession of 
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clinical audiology assumed responsibility for the selection and provision of hearing aids 
(Carhart, 1980).  Large-scale programs to provide hearing aids to adults (particularly 
those affected by war-time noise exposure) were established during the post-war years.  
In Australia, the advent of widespread fitting of hearing aids for children also occurred 
at this time (in response to rubella epidemics which damaged the hearing of many 
children in utero), as described in the first report of the Commonwealth Acoustic 
Laboratories (CAL) (Murray, 1948).  CAL was the predecessor of the National Acoustic 
Laboratories (NAL) and Australian Hearing® (AH). 
 
A hearing aid can be conceptualised basically as a miniature microphone + amplifier + 
speaker.  It increases the intensity of sound in the environment and delivers it into the 
wearer’s ear(s).  The amount of amplification the hearing aid applies to the sound 
entering the hearing aid microphone is referred to as the ‘gain’ of the hearing aid.  
Different amounts of gain are provided at frequencies important for hearing human 
speech, according to established prescriptive approaches and based on the user’s hearing 
loss across the speech frequency range (see Dillon, 2001; Seewald & Tharpe, 2010).  
Even the most powerful hearing aids, however, provide a limited amount of output 
signal.  For each fitting, there is a pre-determined level at which the amplifier does not 
make the sound intensity any greater and, with modern signal processing, may even 
decrease it; commonly referred to as the Maximum Power Output (MPO) of the hearing 
aid (Pollack, 1980).  Many hearing aids also include a user volume control which allows 
the hearing aid gain to be manually regulated.  Hearing aids are usually fitted so that 
appropriate gain is provided at the mid-range of the volume control (Macrae, 1994b).  
Technological developments, particularly over the last two decades, however, have led 
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to a vast range of hearing aid styles and features; including advanced signal processing 
that allows automatic gain control in changing environments.  Overall, in modern 
hearing aids, the sound level reaching the tympanic membrane (TM) of a hearing aid 
wearer can be affected by four main factors; the level of the sound reaching the hearing 
aid microphone (i.e., the sound level in the listening environment), the gain and MPO of 
the hearing aid, the volume control setting used (if available to the user), and any 
automatic gain adaptation. 
 
AMPLIFICATION-RELATED HTL SHIFT 
Early publications by Berry (1939) and Holmgren (1939) referred to the possibility of 
amplification-related HTL shift, as noted by several later commentators (Roberts, 1970; 
Markides, 1976; Binnie, 1985).  Berry referred to, “the tradition that a hearing aid may 
injure the hearing” (1939, p. 930), implying that the possibility that hearing aids caused 
hearing to further deteriorate had already been considered prior to that time.  Kinney 
(1953) was credited as the first author in the English language to assert the scientific 
plausibility of amplification-related HTL shift (Ross & Lerman, 1967).  Kinney (1953, 
p. 226)  concluded that; “If we are prepared to accept the fact that sustained sound 
levels of high intensity can cause permanent cochlear damage in an otherwise normal 
ear, it is not too much to accept that this phenomenon may prevail in a previously 
damaged cochlea.”  Macrae and Farrant (1965) went on to state that it would be 
valuable, for ‘protective’ purposes, to know which people are more likely to suffer 
amplification-related HTL shift, and how much hearing aid use is possible before this 
damage is likely to occur. 
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Over a period of almost 50 years no less than 50 publications have addressed the issue 
of amplification-related HTL shift.  In this literature, the term ‘overamplification’ is 
used with several implications.  It primarily refers to the use of hearing aids with 
excessive gain relative to the degree of hearing loss and/or hearing aids fitted with 
unnecessarily high MPO (i.e., inappropriately fitted devices).  It may also refer to the 
use of high volume settings (as per the wearer’s preference), or the use of appropriately 
fitted hearing aids in very high-noise situations.  Amplification-related HTL shift may 
arise from any combination of these factors. 
 
A number of reviews of the earlier literature were published in the 1970s − 1980s (e.g., 
Jerger & Lewis, 1975; Mills, 1975; Titche, 1977; Binnie, 1985).  The interpretation and 
synthesis of findings was hampered by insufficient detail, in particular about the 
characteristics of hearing aids and hearing aid usage.  Furthermore, in situ measurement 
of the output of hearing aids was just emerging in the early 1990s, and there was no 
technology available that readily allowed in situ measurement of hearing aids in real-life 
situations.  Markides (1971) concluded, rather strongly, that the prior decades of debate 
amounted to little more than statements and counter statements made on the basis of 
inadequate studies.  The current review confirmed the variation among findings, 
however, this does not necessarily mean that studies contradict one another.  
Differences in the outcomes are to be expected because of the possible interplay of the 
factors relating to overamplification described above.  For instance, those studies that 
found deterioration of hearing but no evidence of the involvement of hearing aid use 
may have investigated participants whose use of hearing aids was appropriate.  Those 
studies that found deterioration of hearing, some of which might be due to hearing aid 
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use, may have included participants who had inappropriately fitted hearing aids and/or 
who had appropriately prescribed hearing aids but who used them inappropriately.  
Those studies that found no deterioration of hearing at all may have included only 
participants whose fittings and use of hearing aids were appropriate for their hearing 
loss (Macrae, J.H., personal communication). 
 
Publications addressing amplification-related HTL shift fall into four broad categories: 
case (or ‘anecdotal’) reports, retrospective (and, in one case prospective) cohort studies, 
‘experimental’ type studies (Binnie, 1985) and studies involving mathematical 
modelling to determine the risk of amplification-related HTL shift.  Aetiological factors 
have also been a particular subject of interest when investigating HTL shift in young 
hearing aid wearers (Markides, 1971).  A brief overview of the relevant literature 
follows. 
 
Case Reports 
There have only been a few formal clinical case reports, mainly published between the 
1950s and 1970s.  A summary of these publications is provided in Table 2.1.  The most 
compelling evidence of amplification-related HTL shift comes from those studies in 
which HTL shift was observed in an aided ear, while HTLs in an unaided ear remained 
unaffected (e.g., Kasten & Braulin, 1970).  It should be noted that prior to the 1980s it 
was common practice to fit children with a hearing aid in one ear only (monaurally), in 
cases of bilateral HI.  A limitation of these published case studies, however, is that 
specific detail, such as technical information about hearing aid fittings and patterns of 
hearing aid use, was often limited.  Furthermore, vast changes in hearing aid technology 
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and fitting practices have now rendered the implications of much of this information 
obsolete. 
 
Table 2.1: Hearing aid-related shift, case studies. 
Authors n =  Participants Device/HTL details HTL shift 
Gromov 
(1952)* 
 
  
 Hearing  aid-related 
Dunajvister 
(1953)* 
  
  
 Hearing aid-related 
Harford and 
Markle (1955) 
1 Child, 
 8 yrs 
Monaural  
(RT then LT) 
Severe loss (70 dB) 
TTS aided ear/s 
only 
Sataloff 
(1961) 
1 Child, 7 yrs Monaural 
Moderate loss  
(61 dB) 
TTS aided ear only 
Ross and 
Truex (1965) 
2 Child, 13 yrs Monaural 
MPO 139 dB 
PTS? aided ear 
  Child, 14 yrs Monaural           
MPO 139 dB 
Aided ear 
Ballantyne 
(1970) 
1 Adult, 23 yrs Monaural 
MPO 140 dB 
PTS? aided ear 
Roberts 
(1970) 
2 Child, 7 yrs Monaural  Marked PTS aided 
ear 
  Sibling, < 7 
yrs 
Unaided Slight − unaided ear 
Kasten and 
Braunlin 
(1970) 
1 Child, 10 yrs Monaural 
MPO 120 dB 
Marked, aided ear 
Jerger and 
Lewis (1975) 
1 Child, 9 yrs Monaural  
MPO 135 dB 
10−25 dB aided ear 
Heffernan 
and Simons 
(1979) 
2 Children  TTS 
Hawkins 
(1982) 
1 
Adult, 30 yrs 
Monaural RT    
MPO 131 dB 
Marked, aided ear  
  
 
Later LT           
MPO 135 dB   
Sudden − post loud-
sound 
* Published in Russian, cited by Ross and Lerman (1967).  
PTS, permanent threshold shift; TTS, temporary threshold shift. 
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Retrospective (Prospective) Studies 
Studies of selected groups of clinical cases (ranging in number from < 15 to over 8000) 
provide most of the available systematic data regarding amplification-related HTL shift.  
A summary of this research is provided in Table 2.2.  The variation in the conclusions 
of various reports is readily apparent; there being an almost equal division between 
those authors concluding that hearing aid use was implicated in HTL shift and the 
remainder who reported no evidence.  However, as noted above, the outcomes of the 
various studies do not necessarily contradict one another. 
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Table 2.2: Hearing aid-related shift, retrospective (prospective) studies. 
Authors  n = Participants 
 
Aim & Factors 
Amplification 
effect? 
 
Findings 
Murray (1948) 
cited by Macrae 
and  Farrant 
(1965) 
350 (105)* Children Prognosis of maternal rubella cases 
MPO < 130 dB SPL?  
No Aetiology a possible factor in 
HTL shift 
Kinney (1953) 3622  
(940 = SN loss) 
Children, 
2.5−17 yrs 
Examine aetiology of hearing loss Yes;  
16 cases   
Monaural shifts − aided ears 
Naunton (1957) 
cited by 
Rintelmann and 
Bess (1977) 
120 Adults 
 
Monitor HTLs  
Monaural fittings 
Conductive and SN cases 
Aid use 0−72 months 
No No difference in HTL shift in 
aided versus unaided ears 
Brockman (1959) 13 Children, 
 1−9 yrs 
Investigate delayed progressive SN 
hearing loss  
Aid configuration not reported 
Not reported HTL shifts documented;  
some pre-fitting 
‘Heredity’ may be an important 
factor 
Möller and 
Rojskjaer (1960) 
390 Mixed,  
10−70 yrs 
Investigate effect of HA on HTLs 
Monaural fittings 
MPO  120 dB SPL 
Examined > 5 yrs post-fitting 
Yes; 2% 
9/390 
Monaural shifts − aided ear 
Kinney (1961) 8880 (178)* Children, 
 6−16 yrs 
Investigate effect of HA on HTLs 
Monaural n = 39; Binaural n = 13 
(a) Lower MPO  n = 126 
(b) Higher MPO (up to 146 dB?) 
n = 39 
Aid use > 1 year 
Yes,  
a) 13/126   
b) 19/39 
Monaural shifts − aided ear 
 
Barr and 
Wedenberg 
(1965) 
84 (3)*  Children Investigate prognosis re; aetiology 
Monaural fittings; various degree of loss 
Most MPO < 130 dB SPL; 138 dB max. 
5−11 year period 
No In two cases, deterioration was 
greater in unaided ear 
Meningitis cases showed 
progression, rubella cases did not 
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Macrae and 
Farrant (1965) 
87 Children Investigate effect of HA on HTLs 
Monaural fittings, SN loss 
Mild-moderate, severe-profound losses 
a) Moderate-power aid n = 34 
b) High-power aid n = 53 
Yes − at 
a) 0.5 & 4 
kHz  
b) all 
frequencies 
Some deterioration noted in 
unaided ears, but greater effect in 
aided ears 
Greatest deterioration in ears 
with less initial hearing loss  
Ross and Lerman 
(1967) 
18 Children, 
 7−19 yrs 
Investigate effect of HA on HTLs 
Monaural fittings  
Aids used 1–5 yrs 
Moderate hearing losses 
a) MPO<130 n =17; b) MPO 140 n =1 
Yes, 9/18 
a) 8/18 
b) 1/1 
Monaural shifts (0.25, 0.5, 1, & 2 
kHz), small but significant in 
aided ears 
Greater degree of loss = greater 
shift 
Laguillon (1968) 
Article in French 
80 Children, 
2−12 yrs 
Investigate effect of HA on HTLs 
Monaural & binaural fittings 
SN loss 
Linear aids 
96% max gain = 40 dB 
3 cases gain = 55−60 dB 
Yes, 5/80 
7.5% 
No shift in 
non-fitted ear 
Monaural shifts aided ear (7.5%) 
50 cases (62.5%) – no change 
13 cases – equal binaural shift 
3 cases –  more shift unaided ear 
9 cases – shift in aided ear  
(unaided ear too severe to 
observe) 
Bellefleur and 
Van Dyke (1968) 
58 (25)* Children Investigate effect of HA on HTLs 
Monaural fittings 
Severe to profound losses 
“high gain amplification” 
8–10 year period 
No No difference in shift in aided 
versus unaided ears 
Macrae (1968) 134 Children 
5−18 yrs 
Investigate effect of HA on HTLs 
Monaural fittings 
Lower powered aids  
MPO from 115−130 dB SPL 
Aid use > 1 year 
Yes Monaural shifts – aided ear 
MPO 120-130, shifts greater in 
aided ears 
MPO 115-119, similar shifts in 
aided & unaided ears 
Shifts in unaided ears were less 
in ears with greater initial hearing 
loss 
Shifts greater in ‘exogenous’ 
aetiology vs. ‘endogenous’ 
(hereditary) 
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Roberts (1970) 278 Children Investigate effect of HA on HTLs 
Children, suspected hereditary aetiology 
Monitored over 3 years 
Yes – 6%  
16/268 
Monaural shifts – aided ear 
 
Madell and Asp 
(1970) 
Conference paper 
cited by 
Rintelmann and 
Bess (1977) 
18 Children, 
 2.5−5 yrs 
Moderate-severe loss (n = 3) 
Severe-profound (n = 15) 
6 months aid use 
No No significant shifts were 
observed 
Hine and Furness 
(1975) 
21 Children, 
 5−9 yrs 
Investigate effect of HA on HTLs − 
Severe to almost total hearing losses 
3–4 year period 
 
No 
1 case? 
Four cases of HTL shift, not 
clearly related to aid use 
One third showed trend to 
improved HTLs  
Rintelmann 
(1975) 
Unpublished data  
cited by Reilly 
(1981) 
13 (3)* Children, 
8−13 yrs  
1 x 5 yr old 
 
Investigate changes in HTLs 
Auditory training system + 
personal HA; MPO 132 dB SPL 
Moderate to profound SN loss 
4 year period 
Yes  Monaural shifts – aided ear 
All three cases showed 
substantially more pure tone and 
SRT shift in the ear used for 
auditory training system 
Darbyshire 
(1976) 
100 (30)* Children, 
 3.5−12 yrs 
Investigate effect of HA on HTLs 
Monaural & binaural fittings (of 1 yr +) 
> 50 dB gain; > 110 dB MPO 
> 2 year period 
No No difference in shift in aided 
versus unaided ears, if anything 
unaided ears slight worse on re-
test 
Titche (1977) 275 (261) Adults, 
mean = 55.2 
yrs 
Investigate effect of HA on HTLs 
Monaural (261) & binaural (14) fittings 
SN & conductive losses 
Gain 36−72 dB; MPO 110−142 dB 
 
No No difference in shift in aided vs. 
unaided ears 
Reilly  
et al. (1981) 
45 (14)* Children, 
 3−17 yrs 
Investigate progressive hearing loss 
Additional “Control” group – 
 non-progressive losses (n = 65) 
Mean peak gain 62.6 dB  
MPO 130.2 dB SPL 
Yes (5/45) 
11%  
Progressive hearing loss ‘not 
uncommon’, irrespective of 
hearing aid use  
Amplification was probably 
implicated in some cases 
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Podoshin  
et al. (1984) 
114 Mixed, 
 10−91 yrs 
Investigate effect of HA on HTLs 
Monaural fittings  
80 = SN, 34 = conductive loss 
32−75 dB average gain 
MPO 110–145 dB 
Period of use: a) 2 yrs; b) 4 yrs;  
c) 6 yrs; d) 7−9 yrs) 
No? 
Yes –  2 cases 
(conductive) 
Complicated presentation of 
results  
Overall, no difference in shift in 
aided versus unaided ears 
Did report deterioration (45−52 
dB gain) with 7−9 yrs use, when 
compared with < 2 yrs group  
Also for two conductive cases 
(53−75 dB gain group) 
* Cases included in analysis for hearing aid effects (controlled for other explanatory variables). 
 SN, sensorineural; SRT, speech reception threshold.
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‘Experimental’ Studies 
The scope for human experimentation in this context is, again, very limited.  However, 
there have been a small number of studies in which various sets of controlled conditions 
were used when examining amplification-related HTL shift.   Macrae published several 
studies of this kind; a pilot study of temporary threshold shift (TTS) and recovery in 
four children following a period of hearing aid deprivation (Macrae, 1967), a single case 
of TTS observed in a 15 year old (Macrae, 1993), and a study involving a group of six 
school students and one teacher at a school for children with hearing impairment 
(Macrae, 1994a).  Rintelmann and Bess (1977) described an earlier experiment by 
Konkle and Rintelmann (1976, unpublished study), unique in that it involved 
participants receiving controlled noise exposure in the laboratory.  Very few studies 
included actual measurements of the noise exposures of participants.  Binnie (1985) 
provided details of one such study of 25 children, carried out by Binnie et al. (1984).  
However noise measurements in this case were limited to dosimetry on two school days.  
Macrae (1994a) similarly performed dosimetry measurements for seven participants 
over a 4 − 6 hour period during school time.  Dolan and Maurer (1996) emphasised that 
the studies which involved noise measurement addressed the use of hearing aids for 
listening at normal conversational levels, in situations such as the classroom or home, 
rather than in high-noise environments. Therefore, these studies shed little light on the 
question of how high-level environmental noise, including leisure noise may interact 
with hearing aid amplification to contribute to HTL shift.  The article by Dolan and 
Maurer (1996) is also of significance as it is one of the few discussions of hearing aid 
use in the context of occupational noise exposure. 
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MATHEMATICAL MODELLING 
Modelling approaches for predicting hearing aid-related HTL shift have also been 
described in a small number of publications (e.g., Humes & Bess, 1981; Humes & 
Jesteadt, 1991; Macrae, 1991a, 1991b, 1992, 1994b).  In the first of these papers, 
Humes and Bess (1981) put forward a model, the ‘Time Integral of TTS’ (ITTS), which 
used observed TTS growth and recovery as an index of potential hearing damage.  It 
was purported that the equation could also be applied to examine permanent threshold 
shift (PTS) from hearing aid use, the risk of which Humes and Bess concluded was 
“very real” (p. 12).  The authors themselves noted, however, that a critical limitation of 
the modelling approach was that it was ethically impossible to test a model in normally 
hearing human ears.  Humes and Jesteadt (1991) subsequently questioned Humes and 
Bess’ earlier model and, using a revised approach based on the Modified Power Law 
(MPL), computed critical hearing aid levels that (if exceeded) would result in damage to 
remaining hearing.  This approach was based on an earlier general model of NIHL 
(Kraak et al., 1974) with the addition of a rule for application to sensorineural (SN) 
hearing impairment.  Macrae (1991b) noted that this hypothesis would generally predict 
a long delay between the beginning of noise exposure and the onset of further hearing 
loss for a person with HI.  To evaluate the MPL hypothesis, Macrae (1991a) analysed 
data obtained from eight children with severe SN hearing loss and evidence of PTS 
attributed to overamplification.  The excessive amplification was in part due to the 
children’s regular use of higher than recommended volume control settings.  Macrae 
(1991a, p. 403) noted that the magnitude of PTS tended to be similar across frequencies 
(i.e., ‘flat’).  In addition, it was observed that the temporal occurrence of shift for 
individuals with HI was a “miniature version” of the time course of PTS that would 
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result from similar noise exposure in a person with a normal hearing baseline (i.e., 
temporal nature of shift similar; magnitude of shift smaller for HI).  Macrae (1991a) 
concluded that a small amount of noise-induced permanent threshold shift (NIPTS) was 
inevitable for wearers with severe-to-profound SN hearing loss (due to the high amount 
of gain required to make speech audible).  Macrae concluded that the amplification 
required for individuals with three-frequency average hearing levels (3FAHLs) greater 
than about 100 dB is inherently “unsafe”; that is, NIPTS may occur even if loud 
environments were avoided (Macrae, 1994b, p. 1456).  Macrae (1994b) suggested that 
this small amount of hearing damage was a cost that must be accepted, in order to 
obtain the benefits provided by wearing hearing aids. 
 
Macrae (1994a) tested the MPL model using observations of TTS in six students and 
one teacher after everyday noise exposure at school, concluding that the mathematical 
model was able to predict the observed TTS as accurately as it could be measured using 
Bekesy audiometry.  Macrae (1994a) also applied the MPL model to results for 20 adult 
hearing aid wearers.  As noted above, noise dosimetry was used in this study to 
determine the levels of sound entering the microphones of the hearing aids.  It was 
concluded that TTS will reach asymptotic values after about 8 - 10 hours of hearing aid 
use.  It had previously been observed that as young hearing aid wearers typically use 
hearing aids for 13 - 14 hours per day, almost all TTS caused by amplification will 
reach asymptotic levels (Macrae, 1991b).  Macrae (1994b) determined that asymptotic 
threshold shift (ATS), and TTS, is unlikely to occur in hearing aid wearers who have a 
3FAHL less than 60 dB HL (i.e., pure tone hearing loss no greater than ‘moderate’ in 
degree); given hearing aid gain is appropriate to prescriptive targets and hearing aids are 
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only worn in relatively low-noise environments.  For individuals with severe hearing 
loss (3FAHL > 60 < 100 dB HL), small amounts of ATS can be expected to occur, 
however these are likely to be ‘safe’ (i.e., not progress to NIPTS) if appropriate gains 
are used and the devices are not worn in high-noise environments.  Macrae (1994b) 
warned, however, that if individuals with severe hearing loss use gains 15 dB greater 
than recommended, ATS will be unsafe for individuals with pure tone average HTLs as 
low as 80 dB.  Macrae (1994b) also observed that excess gain and high ambient noise 
levels combine to increase risk of NIPTS, noting that it is likely to occur for individuals 
with pure tone averages of only 50 dB (or greater) if excess gain is used and hearing 
aids are worn in high ambient noise levels.  Macrae (1994b) concluded that clients who 
prefer to use excess gain (i.e., high hearing aid volume control settings) should therefore 
avoid high ambient noise levels (defined as > 76 dB SPL), and emphasised that safety 
standards are required for hearing aid amplification, particularly for those users who 
prefer to use gains higher than recommended by prescriptive procedures. 
 
From the publication of Macrae’s last paper in the series described above (i.e., 1994b) 
until the time of writing, issues of hearing aid safety (as regards TTS or PTS) have been 
almost completely neglected in the literature.  This may be related to the steady increase 
in candidature for cochlear implantation, including the inclusion of prelingually 
deafened children.  In Australia, infants and children first received cochlear implants in 
the late 1980s − early 1990s.  Many very young children with severe or profound 
hearing losses in the developed world now, almost routinely, receive cochlear implants 
as an alternative to acoustic hearing aids.  As the signal provided by the cochlear 
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implant by-passes the usual mechano-sensory cochlear processes, issues of HTL shift 
and NIPTS are not relevant. 
 
Additionally, since the 1990s, hearing aid signal processing has steadily advanced, 
because of the flexibility of digital signal processing technology mentioned previously.  
The hearing aids fitted today are typically capable of automatically controlling 
amplification in high sound level environments.  Prescriptive procedures for selecting 
the MPO of hearing aids for young people have also been introduced (e.g., Storey et al., 
1998) and, at least in the Australian context, MPO settings tend to be more conservative 
than they were in the previous century.  Overall, there are far fewer young Australians 
wearing very high-powered hearing aids today than there were prior to the 1980s. 
 
The literature addressing amplification-related HTL shift, in general, lacks sufficient 
detail.  However, there is sufficient evidence that the use of hearing aids with 
appropriate gain, MPO and user volume settings, under normal listening conditions, 
does not cause residual hearing to deteriorate, except in cases of severe-profound 
hearing loss where very high gain settings are required.  Despite several decades of 
scientific investigation and debate, however, it is still unclear what proportion of young 
people who use hearing aids may be at risk of, or suffer, amplification-related HTL 
shift.  There has also been insufficient evidence to determine whether particular 
characteristics (e.g., aetiology of hearing loss, configuration of audiogram, degree of 
hearing loss, etc.) may place individual hearing aid wearers at greater risk of NIPTS.  At 
the time this research was proposed, there was no specific evidence pertaining to the 
safety of hearing aids that include digital signal processing. 
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The degree of risk that amplification poses to residual hearing has been shown to have 
some relationship with the input levels to the hearing aids; although, as noted, the signal 
processing of the individual’s devices will have an influence in this respect.  The input 
levels that hearing aids deliver to the wearer’s ears are directly related to the lifestyle 
and activities of the individual.  That is, how loud the situations are that the individual 
frequents on a day-to-day basis, and how long the hearing aid wearer is exposed to 
environments in which sound levels are very intense.  Again, while there are a large 
number of published reports documenting the sound exposure of young people in the 
general population during leisure activity, which will be detailed in the following 
chapter (e.g., Biassoni et al., 2005; Chung et al., 2005; Williams, 2005; Vogel et al., 
2007; Vogel et al., 2008), there has not been equivalent, specific research into the noise 
exposure experienced by young people who already have permanent hearing loss and 
regularly wear hearing aids.  A major barrier to estimating the risk of amplification-
related shift to date has been this lack of information about the actual noise exposures of 
hearing aid wearers in everyday life. 
 
The following chapter contains a review of the previous literature addressing the 
implications of leisure noise in HTL shift but, as noted, this commentary only addresses 
leisure-noise-related HTL shift (TTS and PTS) in young people with a normal pre-
exposure hearing baseline.  Like the literature addressing amplification-related HTL 
shift, there is an obvious lack of consensus among authors.  It is also revealed in 
Chapter 3 that the many leisure-noise studies also vary considerably in other respects, 
including their stated aims, methodology, participant type and number.  The diversity in 
literature pertaining both to amplification-related HTL shift and leisure-noise-related 
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HTL shift, and the significant gaps in the overall evidence-base, make synthesis of 
findings difficult.  The research presented in this thesis, particularly in Chapter 4 and 5, 
addresses these important gaps in knowledge for the first time. 
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CHAPTER 3 
LITERATURE REVIEW (B): LEISURE NOISE 
Leisure noise 
The work presented in this chapter has been published as: 
Carter, L., Black, D., Bundy, A., & Williams, W. (2014). The leisure-noise dilemma: 
hearing loss or hearsay? What does the literature tell us? Ear and Hearing 35(5): 491-
505. 
 
As first author of the paper “The leisure-noise dilemma: hearing loss or hearsay? What 
does the literature tell us?” I, Lyndal Carter, confirm that I have made the following 
contributions: devised the study concept, performed the data collection (literature 
review) with the guidance of the co-authors, and drafted the manuscript in full, in 
consultation with the co-authors. 
 
Signed……………………………………………………Date:………..21/7/16…. 
 
 
As supervisor for the candidature upon which this thesis is based, I can confirm that the 
authorship attribution statements above are correct.  
Supervisor Name:  Prof Deborah Black 
                      
Signed……………………………………………….…….Date:……….21/7/16…. 
 
 
-58- 
Title:  The leisure-noise dilemma: hearing loss or hearsay? What does the literature tell 
us? 
Authors:  Lyndal Carter1, Deborah Black3, Anita Bundy3, Warwick Williams 1, 2 
1.    National Acoustic Laboratories, Sydney, NSW, Australia. 
2.   The Faculty of Health Sciences, University of Sydney, New South Wales, Australia. 
3.   The HEARing CRC, East Melbourne, Victoria, Australia. 
 
Key words:  Adolescents, Hearing Loss, Noise-Induced, Leisure, Young adults. 
 
Abbreviations:  AEF = auditory evoked magnetic field; ATS = asymptotic threshold 
shift; CI = cochlear implant; CRC = Cooperative Research Centre; dB = decibels; HI = 
hearing impaired; HL = hearing level; HTL = hearing threshold level; ISO = 
International Organisation for Standardisation; LAeq = long-term equivalent average 
sound level; LAeq,8 h = exposure level, 8 hour equivalent continuous A-weighted SPL; 
MEG = magnetoencephalography; NAL = National Acoustic Laboratories; NH = 
normal (non-impaired) hearing; NHANES = National Health and Nutrition Examination 
Survey; NHES = National Health Examination Survey; NIHL = noise-induced hearing 
loss; NIPTS = noise-induced permanent threshold shift; NITS = noise-induced threshold 
shift; NHMRC = National Health and Medical Research Council; NSW = New South 
Wales; OAE = otoacoustic emission; OHS = Office of Hearing Services; Pa2 h = Pascal 
squared hours; PCP = personal cassette player; PHP = personal hearing protector; PSP = 
personal stereo player; PTA = pure tone audiometry; PTS = permanent threshold shift; 
QoL = quality-of-life; SPL = sound pressure level; TTS = temporary threshold shift; 
SCENIHR = Scientific Committee on Emerging and Newly Identified Health Risks; 
-59- 
WHO = World Health Organization. 4FAHL = four frequency average hearing level of 
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Definitions: 
1. Loud sound encountered during everyday leisure activities is variously referred to as 
“leisure noise”, “social noise” (Smith et al., 2000), and “sociacusis” (Ward, 1976; 
Medical Research Council (MRC), 1986; Yaremchuk et al. 1997).  The term “leisure 
noise” is used in this review. 
2. The terminology associated with “hearing loss” also varies in the literature and 
among authorities (e.g., standards organisations and professional bodies).  Whatever the 
nomenclature used, the following concepts should be differentiated:  (1) Threshold shift 
(or, threshold impairment), that is, deviation, or worsening of individual hearing 
threshold levels (HTLs) from a baseline or, alternately; the HTL of an individual (or 
group) in relation to an accepted audiometric standard (WHO, 1980); 2) Noise-induced 
threshold shift (NITS), that is, threshold shift attributable to noise exposure alone and; 
(3) Hearing handicap (or, hearing disability/hearing impairment), that is, the individual 
disadvantage in everyday life imposed by threshold shift, particularly in terms of 
understanding conversational speech (ISO, 1990 p 3).  “Hearing loss” generally refers to 
threshold shift in this review. 
 
Parts of this article were presented as an oral poster at the Audiology Australia XX 
National Conference.  1 − 4 July 2012. Adelaide, Australia. 
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ABSTRACT 
The authors undertook a review of the literature, focusing on publications describing the 
following:  
1) Pure tone threshold data for adolescents/young adults; 
2) Measurements/estimates of noise exposure from leisure activities; and 
3) The relationship between HTLs and leisure-noise exposure. 
There is a large volume of published materials relevant to these topics, and opinion 
among authors regarding the relationship between leisure-noise exposure and HTLs 
varies significantly.  At one extreme is the view that the effects of leisure noise are 
minimal.  The opposing belief is that as a direct result of leisure-noise exposure, 
significant HTL shifts and possibly significant hearing disability are occurring in a large 
(and increasing) proportion of young people.  It has been claimed that behaviours 
relating to leisure noise are “as threatening to young people’s health as more traditional 
risk behaviours” (Bohlin & Erlandsson, 2007, p. 55).  This view has been reiterated by 
the popular media.  This review revealed that while sufficient data confirm that some 
leisure pursuits provide potentially hazardous noise levels, the nature of the exposure-
injury relationship for leisure noise is yet to be determined.  Specific information about 
the quality-of-life impacts of threshold shift related to leisure-noise exposure is also 
lacking.  The scope and limitations of a large sample of relevant publications and an 
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overview of the methodological issues in this area of research are briefly presented.  
Considerations for future research are raised. 
 
INTRODUCTION 
There is no doubt that exposure to noise (i.e., loud sound) of enough intensity over 
sufficient periods of time can result in temporary and permanent HTL shifts (Miller, 
1974; Mills, 1975; Ylikoski et al., 2001; Zhao et al., 2010).  Underlying pathological 
processes arising from noise exposure have been described in much detail, (e.g., 
Nicotera et al., 2001; Wang et al., 2002; Kujawa & Liberman, 2009; Makary et al. 2011; 
Op de Beeck et al, 2011).  There appear to be a number of possible biological 
mechanisms (Henderson et al., 1993) and large inter-individual variations in 
susceptibility to noise injury (Quaranta et al., 2001) that are still not fully understood.  
Auditory system damage may precede observable changes in the pure tone audiogram 
(Axelsson, 1991; Axelsson et al., 1994; Smith et al., 2000; Kujawa & Liberman, 2009; 
Jin et al., 2013).  Carter et al. (1978; citing a study by Bienvenue et al., 1976) noted that 
noise has been shown to have a temporary effect on the loudness difference limen. West 
and Evans (1990) investigated frequency resolution abilities, reporting that participant 
groups “more exposed” to amplified music had wider bandwidths than less exposed 
groups under some conditions.  Okamoto et al. (2011) reported a study of 
magnetoencephaolographic (MEG) responses of long-term users and non-users of 
personal stereo players (PSPs).  Both groups performed equally on standard audiometric 
evaluations (including pure tone audiometry [PTA]); however, significantly broadened 
population-level frequency tuning in a group of long-term users under a specific 
listening condition was observed using MEG.  Kumar et al. (2012) observed 
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deterioration in temporal processing and speech processing abilities of individuals 
exposed to occupational noise, with HTLs better than 25 dB hearing level (HL) in the 
octave frequencies between 250 and 8000 Hz.  Studies have also revealed an association 
between tinnitus and leisure-noise exposure, even in the presence of clinically 
unremarkable HTLs (Davis et al., 1998; Tin & Lim, 2000; Holgers & Petterson, 2005; 
Beach et al., 2013a). 
 
In 1975, the International Organisation for Standardization (ISO) published the first 
edition of its standard describing the statistical relationship between occupational noise 
exposure and noise-induced permanent threshold shift (NIPTS) in people of various 
ages − ISO 1999 (ISO, 1990).  This description is based on data from a number of 
earlier, cross-sectional studies of workers’ pure tone hearing thresholds.  ISO 1999 
provides the first reliable description of “noise-exposure – hearing effect” (Williams, 
2011, p. 13) or the dose-response relationship between occupational noise exposure and 
pure tone threshold shift. 
 
The association between noise exposure and noise injury is regarded as stronger for 
occupational noise than leisure noise (Hidecker, 2008).  It is believed, however, that 
technological advances, particularly the proliferation of PSPs, have led to dramatically 
increased leisure-noise exposure (Zhao et al., 2010; Levey et al. 2011), with a 
concomitant increase in risk for young people.  In the 1960s, “the damaging effects of 
rock and roll music on hearing” (Rintelmann & Borus, 1968, p. 57) were a new cause 
for concern.  A large body of literature concerned with the possible relationship between 
leisure-noise exposure and hearing threshold shift has since amassed – however there is 
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still a lack of consensus about the extent of the risk.  At one extreme “….there is a 
concern we may be facing an epidemic of hearing impairment” (Agrawal, 2008, p. 
1522).  The opposing viewpoint is that the effects of leisure noise are “slight” (Carter et 
al, 1984). 
 
The leisure-noise issue has received significant media attention (Carter et al., 1978; 
Smith et al., 2000; Schlauch & Carney, 2011), with the popular press tending towards 
alarmist headlines, which Hètu and Fortin (1995) suggested denote a disapproving 
attitude towards particular leisure activities (e.g., rock music).  A critical attitude is also 
discernible in some scientific publications.  Maassen et al. (2001, p. 4), for example, 
commented that “A “techno freak” subjecting himself to loud music via a PCP 
[personal cassette player] endangers his ears in the same way as a worker in a steel 
factory using no ear protection.”  Hètu and Fortin (1995) suggested that such assertions 
have received a wide and largely accepting audience.  Further, leisure-noise exposure 
differs from occupational exposure with respect to the fact that individuals participate 
voluntarily in noisy recreational activities according to their own preferences.  The 
restriction of preferred activities may be considered a legitimate “cost” (Hill, 1965; 
Phillips and Goodman, 2004), a factor which appears to have received relatively little 
attention in either public or scientific commentary on this issue. 
 
In recent years, the National Acoustic Laboratories (NAL) has conducted a range of 
studies aiming to quantify leisure-noise sources and patterns of exposure, estimate 
community risk of noise injury from everyday non-work activities, and determine the 
prevalence of hearing threshold impairment in the younger Australian population.  This 
-64- 
review was undertaken with no previous intent to justify a particular position in the 
leisure-noise debate but rather with the aim of providing an objective frame of reference 
for disseminating recent NAL findings and for considering methodological “best 
practice” for ongoing research. 
 
MATERIALS AND METHODS 
An extensive literature review was conducted using commonly accessed Internet search 
methods (particularly, PubMed, Google Scholar and MEDLINE) and scrutiny of the 
reference lists of peer-reviewed publications considered to be of high relevance.  Search 
terms included:  hearing threshold levels, leisure noise, music and hearing, recreational 
noise, prevalence of hearing loss, and personal stereo players.  Title selection and 
review were performed only by the first author.  Only titles in English or with a 
translated abstract were considered.  No meta-analysis was performed. 
 
About 737 titles of interest (including peer-reviewed publications, referenced 
conference abstracts, and postgraduate theses) were identified in this review.  It was 
evident that the number of publications relevant to this topic has increased steadily over 
the past two decades, as noted by other authors (Morata, 2007; Zocoli et al., 2009).  
Figure 3.1 shows the number of titles identified by decade (relating to leisure noise and 
hearing), from the 1940s until the end of the first decade of this century. 
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Figure 3.1: Publications by decade (leisure noise and hearing). 
It was beyond the scope of this review to fully appraise all of this material.  Because 
several substantial reviews have been previously published (e.g., Mills, 1975; MRC, 
1986; Clark, 1991), more emphasis was placed on recent material.  The total number of 
publications for review was also reduced as follows:  articles that primarily addressed 
attitudes toward noise and descriptions of hearing loss prevention interventions or those 
providing hearing threshold data for very young children (particularly those obtained in 
screening programs) were eliminated.  Articles pertaining primarily to the effects of 
noise exposure on otoacoustic emissions (OAEs) and articles relating specifically to 
occupational noise-exposure (apart from musicians) were also excluded.  Articles 
pertaining to professional classical musicians were excluded.  Some articles containing 
data about employees in amplified music venues, however, were included, in view of 
the overlap between occupational and recreational exposure for rock and pop music.  
Articles relating to firearms use were excluded, on the basis that the serious threat of 
noise injury from firearms use (Clark, 1991) is not controversial.  A total of 265 articles 
were reviewed in full.  The content of these key articles, and supplementary details from 
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another 145 topical abstracts (e.g., articles that were of interest but were not in the 
English language, or could not be obtained), provided the basis for the following 
commentary. 
 
RESULTS 
Sound pressure level (SPL) measurement of leisure-noise sources 
Over 100 reports of this type were identified in this review.  Results obtained using one 
or both of the following methods have typically been described: 
1. Sampling the sound pressure level (SPL) using a sound level meter at a fixed 
position(s) – either in situ (at the activity site/venue), or in simulated laboratory 
conditions. 
2. Measuring the SPL in real-life situations over a period of time, using 
individually worn noise exposure meters (dosimeters) – a technique which has 
become more feasible and more informative in recent years. 
The difficulty in directly comparing the findings of different studies, which have 
employed a variety of specific methods and metrics, is noteworthy.  Weaknesses in the 
reported data for non-occupational noise, such as inconsistencies in noise level 
documentation, and the tendency to focus on the highest possible exposures during the 
noisiest activities, have also been noted (Neitzel et al. 2004). 
 
Early reports (dating from the 1960s) were reviewed by Mills (1975).  Mills’ article 
presents the SPLs of firecrackers, model aeroplanes, snow-mobiles and firearms 
(including toy guns).  A later review by Clark (1991) presented maximum SPLs of a 
variety of common recreational, domestic (e.g., food blender, vacuum cleaner etc.), 
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hobby, transportation, and firearm noise sources.  In addition, Clark (1991) provided an 
overview of studies (conducted in the 1970s and 80s) of rock concerts and the emerging 
“discotheque”.  Various reports of SPLs at rock music performances were subsequently 
published (e.g., Drake-Lee, 1992; Yassi et al., 1993). 
 
Clark (1991) also presented SPL data for early models of PSP, sourced from eight 
different publications (1972 − 1985).  There have been at least three subsequent reviews 
of published PSP research which provided output level data (Smith et al., 2000; 
SCENIHR, 2008; Punch et al., 2011).  Most recently, Portnuff et al. (2013) reported on 
PSP outputs, concluding that a “small but significant” percentage of PSP users reported 
exposure sufficient to increase the risk of noise injury.  This conclusion is consistent 
with those of earlier reviews, although, as noted by Portnuff et al., much higher 
estimates of risk have been given by some authors.  For example, Levey et al. (2011) 
estimated that 58.2% of participants in their study (N = 189) exceeded recommended 
workplace exposure levels.  Measurements in the Levey et al. study were, however, 
made in a single, high-background noise environment. 
 
The level of noise emitted by children’s toys has also been a subject of recurring 
interest.  Subsequent to the reports described by Mills (1975), Yaremchuk et al. (1997) 
measured the level of 25 toys (e.g., bicycle horns, toy guns, toy tools, telephones and 
musical instruments).  More recently, Bittel et al. (2008) reported the output levels of 24 
commercially-available toys, noting that many toys exceeded recommended safety 
standards.  Mahboubi et al. (2013) reported an experiment in which more than 200 toys 
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were screened for loudness and 90 analysed under controlled conditions.  They 
concluded that acoustic trauma from children’s toys continues to be a potential risk. 
 
The level of noise generated by crowds at public events such as sports matches and rock 
concerts has received little attention but is also relevant.  Opperman et al. (2006) 
described measures of stadium noise published in 1987 and observations of the 
contribution of crowd yelling and screaming to overall noise levels in their own study.  
Beach et al. (2013b) also make reference to crowd situations, such as sporting events, in 
their discussion. 
 
In the last decade, SPL measures have been reported for a range of other leisure 
activities, such as electronic arcade games (Mirbod et al., 1992), car stereos (Ramsey & 
Simmons, 1993), air shows (Pääkkönen et al., 2003), Korean karaoke singing (Park, 
2003), aerobics classes (Torre III & Howell, 2008; Beach et al., 2013c), auto racing 
(Rose et al., 2008; Kardous & Morata, 2010), indoor hockey (Cranston et al., 2013), and 
marching bands (Jin et al., 2013).  Results of some of these studies indicate that when 
typical activity durations are taken into account, the risk to patrons may not be 
significant (e.g., Ramsey & Simmons, 1993; Pääkkönen et al., 2003; Rose et al., 2008).  
Other studies indicate that typical participation in some environments may place 
individuals at risk, for example, aerobics classes, stock car racing tracks, indoor hockey 
arenas and karaoke singing venues. 
 
“Daily life” measures, obtained using individual dosimetry, have been reported by 
several authors (e.g., Neitzel et al. 2004; Flamme et al., 2012; Beach et al., 2013b).  In 
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these studies, amplified music stands out as a concerning source of leisure-noise 
exposure.  Beach et al. (2013b) described a contemporary inventory, referred to as the 
“NOISE” (non-occupational incidents, situations and events) database, in which over 
500 dosimetry samples obtained since 2008 have been indexed and categorised for 
general reference.  A number of the loudest samples are contained under the categories 
“attendance at entertainment venues” (which include karaoke events, nightclubs, dance 
clubs and discos) and “arts and cultural activities” (which include live music 
performances, popular music concerts and music festivals). 
 
Overall, there is reasonable agreement among authors that some leisure activities 
(particularly shooting and amplified music listening) provide SPLs which would be of 
safety concern in industrial settings (Tambs et al., 2003; Zhao et al., 2010).  Although 
the levels of some leisure activities are analogous to those encountered in occupational 
settings, it is important to reiterate that the damaging effects of noise depend not only on 
intensity but on the duration and pattern of exposure and possibly on other individual 
susceptibility factors.  To date, risk estimates for leisure-noise exposure have been 
based on dose-response relationships observed in the industrial setting (e.g., ISO 1999, 
1990; ISO 1999, 2013), which assume continuous 8 hour daily exposure over many 
years (Hètu & Fortin, 1995).  Strasser et al. (2003) cautioned that rating sound 
exposures by energy equivalence alone can lead to very misleading assessments of their 
actual physiological costs. 
 
Apart from the fact that noise exposure during leisure is typically less frequent and 
intense than that encountered in the workforce, there is also the possibility that non-
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industrial sources (because of their unique physical characteristics) may have distinctive 
effects on the auditory system.  Most music, for example, has a greater variation in 
spectral content and intensity and a greater spread of energy over time, compared with 
typical industrial noise sources (Turunen-Rise et al., 1991).  It has been suggested that 
the intermittent nature of music may reduce the risk of noise-induced hearing loss 
(NIHL) occurring (Jin et al., 2013), and that exposure to some types of moderate-level 
noise may have a “conditioning” or protective effect on the cochlea (McFadden et al., 
1997; Niu, 2002).  The “heavy metal” genre, however, has been reported as more 
similar in effect to industrial sources (Strasser et al., 1999). 
 
Studies exploring the relationship between leisure-noise exposure and HTL 
Obviously, it is ethically impossible to determine the noise-injury relationship in human 
participants via direct experimental means.  The following section describes the six 
main methodological approaches that have been applied to this research question.  The 
main studies identified in each of these categories are listed in Tables 3.1 - 3.6. 
 
Pre-exposure/Post-exposure assessments 
The effects of leisure-noise exposure have been investigated experimentally using pre-
exposure and post-exposure audiometry (and/or other measures, such as OAEs), to look 
for evidence of post-exposure shift, then recovery of HTLs (i.e., temporary threshold 
shift, or TTS).  Table 3.1 lists the methods and findings of 19 investigations of this type, 
conducted from the late 1960s to date. 
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Table 3.1: Studies of TTS. 
Authors Participants Method/noise source Conclusion 
 
Rintelmann and 
Borus (1968) 
N = 52 
United States (U.S.)  
18−20 yrs 
PTA  
(pre/post live rock 
music) 
Concern seems 
unwarranted 
Reddell and Lebo 
(1972) 
N = 43 
U.S. rock musicians  
Mean age 22 yrs 
PTA  
(pre/post hard rock 
music) 
TTS observed in 
musicians and some 
listeners 
 
Axelsson and 
Lindgren (1978) 
N = 83 
Swedish pop 
musicians and 
listeners 
PTA  
(pre/post pop music) 
 
Less TTS in 
musicians than 
listeners 
Lindgren and 
Axelsson (1983) 
N = 10 
Swedish teenagers 
PTA  
(pre/post 10 min 
laboratory stimuli) 
Noted differences in 
TTS with musical vs. 
nonmusical stimuli 
Lee et al. (1985) N = 16 
U.S.  
PTA  
(pre/post 3 hr PCP 
exposure) 
6/16 showed TTS  
All recovered after 24 
hours 
Clarke and Bohne 
(1986) 
N = 6 
U.S. rock concert 
attendees 
PTA  
(pre/post rock 
concert) 
5/6 showed TTS 
Swanson et al. (1987) N = 20 
U.S. undergraduate 
students 
 
PTA, tympanometry, 
acoustic reflex 
thresholds (pre/post 
laboratory noise & 
music) 
Relationship found 
between TTS and 
music preference 
(greater for disliked 
music) 
Hellström et al. 
(1988) 
N = 21 
Swedish PCP/speaker 
listeners 
Bekesy  
(pre/post 1 hour of 
PCP use) 
Most had only 
“discrete” TTS, 
despite levels of  
91−97 dB 
Drake-Lee (1992) N = 5 
United Kingdom 
(U.K.) heavy metal 
players 
25−37 yrs 
PTA  
(pre/post rock 
concert) 
TTS noted in all but 
one musician (who 
used PHP) 
 
Yassi et al. (1993) N = 22  
Canadian  
18−40 yrs 
PTA  
(pre/post rock 
concert) 
81% showed TTS of 
10 dB or more 
 
Vittitow et al. (1994) N =12 
U.S. 
PTA (pre/post music 
and cycling) 
Greater TTS for noise 
and exercise 
condition than noise 
alone 
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McCombe et al. 
(1995) 
N = 18 
U.K. motorcyclists 
PTA  
(pre/post 1 hour 
motorcycle ride) 
Significant TTS 
found at 0.25−2 kHz 
 
Strasser et al. (1999) N = 10 
German  
18−30 yrs 
PTA  
(pre/post laboratory 
music vs. industrial 
and white noise) 
Demonstrated TTS 
with all sources  
Least effect with 
classical music 
Industrial noise and 
heavy metal music 
showed similar effect 
Mazelova et al. 
(2001) 
N = 12 
Czech 
18−25 yrs 
PTA, Bekesy high 
resolution, OAE 
(pre/post laboratory 
amplified music) 
Demonstrated 
changes in all 
measures except gap 
detection 
Nassar (2001) N = 28 
U.K. 
Mean age 21 yrs 
PTA  
(pre/post aerobics 
class) 
Exposed group 
showed TTS, control 
group slightly 
improved HTLs 
(practice effect?) 
Sadhra et al. (2002) N = 14 
U.K. university 
student bar employees 
20−40 yrs 
PTA  
(pre/post 
bar/discotheque 
music) 
13/14 showed TTS 
Emmerich et al. 
(2002) 
N = 34 
German 
18−24 yrs 
PTA & AEF  
(pre/post discotheque 
music) 
TTS found in all 
subjects and AEF 
latency shifts 
Opperman et al. 
(2006) 
N = 29 
U.S. 
17−59 yrs 
PTA  
(pre/post concert − 
amplified music) 
64% of unprotected 
listeners showed TTS, 
27% of those using 
earplugs 
Keppler et al. (2010) N = 21 
Belgian 
19−28 yrs 
PTA & OAE  
(pre/post high-level 
MP3 pop/rock music) 
Changes in PTA and 
TEOAE in exposed 
group 
No significant 
changes in DPOAE 
Tam et al. (2013) N = 12 
Australian 
19−28 yrs 
PTA & OAE  
(pre/post MP3 music) 
Significant increase 
in 6 kHz HTL and 
significant reduction 
in some DPOAE and 
TEOAE amplitudes 
post exposure 
AEF, auditory evoked magnetic field; DP, distortion product; OAE, otoacoutic emission; PCP, 
personal cassette player; PHP, personal hearing protector; PTA, pure-tone audiometry; TE, 
transient evoked; TTS, temporary threshold shift. 
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Many of the studies listed in Table 3.1 reported positive findings.  However, the 
relationship between TTS and permanent threshold shift (PTS) is still debated (Quaranta 
et al., 2001; Zhao et al., 2010).  Consequently, although studies of this type are of 
interest, they do not provide conclusive information about the lasting effects of leisure 
noise on hearing thresholds.  It is also possible that even when HTLs recover, lasting 
physiological changes have nevertheless occurred. 
 
Retrospective cohort studies 
In a number of investigations HTLs, and/or other indicators (e.g., OAEs), have been 
examined in groups of individuals voluntarily exposed to specific leisure-noise sources 
versus similar, non-exposed (control), participants. 
 
Table 3.2: Retrospective cohort studies.   
 
Authors Participants Exposure source Findings 
Hansen and Fearn 
(1975) 
N = 505 
U.K. students  
Pop music PTA: Small but statistically 
significant difference 
between case & controls 
Fearn (1981) N = 367 
U.K. school 
children 
Amplified pop 
music 
PTA: Statistical analysis not 
presented (differences in 
order of a few dB) 
West and Evans 
(1990) 
N = 60 
U.K.  
15−23 yrs 
 
Amplified music Bekesy audiometry and 
frequency resolution: 
“Trend” towards wider 
bandwidths in the exposed 
Jorge Junior (1993) 
cited by Zocoli et al. 
(2009) 
N = 958 
Brazilian 
teenagers 
PSPs PTA: No significant 
differences 
 
Schmidt et al. (1994) N = 133 
Dutch 
Music students 
& controls 
Classical music PTA: No significant 
difference 
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Meyer-Bisch (1996) N = 1364 
French 
~15−25 yrs 
 
Discotheques, 
PSPs, rock concerts 
PTA: No significant 
differences for discotheque 
exposure 
Small (~2−4 dB) but 
significantly significant 
differences comparing 
controls and the 
“intensively” exposed for 
PSP and rock concert 
exposure 
Mostafapour 
 et al. (1998) 
N = 50 
U.S. 
college students 
PSPs PTA: No significant 
differences 
Peng et al. (2007) N = 120 
Chinese 
University 
students 
PSPs PTA: Statistically significant 
differences (~3−5 dB) 
reported 
 
MRC (1986) noted that earlier studies of this type revealed differences in hearing 
thresholds of no more than a few decibels in noise-exposed versus non-exposed groups.  
Findings of studies published in the following decade are similarly undramatic (e.g., 
Schmidt et al., 1994; Meyer-Bisch et al., 1996; Mostafapour et al., 1998).  One of the 
largest studies (N = 958) to date (Jorge Junior, 1993), revealed no significant differences 
between HTLs of PSP users and non-users.  More recently, Peng et al. (2007) reported 
significant differences in HTLs for conventional and extended range audiometry (10 – 
20 kHz) between PSP users and non-user controls (N = 120/30 respectively).  Peng et al. 
(2007) concluded that 34 out of 240 ears tested (14.1%) showed evidence of hearing 
loss. 
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Cross-sectional studies of HTL 
A number of cross-sectional audiometric studies similar in size to the cohort studies 
described above have been undertaken.  A summary of seven studies with N < 500 is 
listed in Table 3.3. 
 
Table 3.3: Cross-sectional studies (n < 500) which include comments on leisure-noise 
exposure. 
Authors Participants Assessment method Effect of leisure 
noise? 
Carter et al. 
(1978) 
N = 231 
Australian 
university 
students 
PTA; survey − 
occupational and 
recreational exposure 
No 
Lees et al. (1985) N = 60 
Canadian  
16−25 yrs 
 
PTA; survey − 
occupational and 
recreational exposure  
Yes. 40% prevalence 
rate of hearing loss 
(but insufficient to 
cause hearing 
disability) 
Ahmed et al. 
(2007) 
N = 24 
Canadian 
university 
students 
PTA (PSP users only); 
survey 
No evidence of early 
hearing loss 
Kim et al. (2009) N = 490 
Korean 
adolescents 
13−18 yrs 
 
PTA  
Interview (PSP use) 
No relationship 
between HTL and 
daily use, however 
4000 Hz ‘elevated’ in 
24 participants with 
highest exposure 
Martinez-Wbaldo 
et al. (2009) 
N = 214 
Mexican 
teenagers 
PTA; Survey − noisy 
activities at school and 
leisure 
“Moderate” association 
between leisure noise 
and hearing loss. 20% 
prevalence rate of loss 
Zocoli et al. 
(2009) 
N = 245 
Brazilian  
14−18 yrs 
PTA; Survey − noisy 
leisure activities 
No 
Le Prell et al. 
(2011) 
N = 56 
U.S. college 
students 
PTA; Survey – risk 
factors 
“Statistically reliable 
relationship” between 
HTL and PSP use in 
males only 
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Among these studies, there are an equal number of positive and negative findings.  
Relatively small sample sizes, and use of convenience samples in smaller cross-
sectional and experimental studies, may affect generalisability of results.  In addition, it 
seems possible that experimental work of this type could be subject to publication bias, 
that is, studies with positive results are more likely to be accepted for publication than 
those with null or negative results. 
 
Results of a number of larger cross-sectional studies (N = ~500 − 2000) have also been 
reported.  Ten examples identified in this review are listed in Table 3.4.  Only two of 
these studies suggest an association between HTLs and leisure-noise exposure (Costa et 
al., 1988; Cone et al., 2010).  Costa et al. (1988) reported a higher incidence of high-
frequency hearing loss in males than females, and speculated that on the grounds that 
males typically engage in noisier activities than females, these high-frequency losses 
may thus be noise-induced.  Costa et al. (1988), however, noted that methodological 
issues, such as cerumen occlusion or collapsing canals, may have affected findings.  
Apparently, information regarding participant noise exposure was not obtained in this 
investigation. 
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Table 3.4: Cross-sectional studies (n ≥ 500) including comments on leisure-noise exposure.  
Authors Participants Assessment method Effect of leisure-noise? 
Strauss et al. 
(1977) 
N = 1300 
German 
PTA? 
[German article] 
No 
Axelsson et al. 
(1981) 
N = 538 
Swedish 
17−20 yrs 
PTA No 
Carter et al. (1982) N = 944 
Australian 
16−20 yrs 
PTA; ENT exam No 
Buffe et al. (1986) 
Article in French 
cited by Petrescu 
(2008) 
N = 51,726 
French 
18−25 yrs 
PTA; medical exam; 
noise history 
No real correlation between 
music exposure and HTL 
(Noted professional DJs had 
higher HTLs) 
Costa et al. (1988) N = 2264 
Swedish 
7, 10, 13 yrs 
PTA screen 
(no exposure data or 
tympanometry) 
Yes, on basis that HF loss 
more common, and males 
more affected than females  
Axelsson (1994) N = 500 
Swedish 
18 yrs 
PTA No  
Haapaniemi (1995) N = 687 
Finnish 
6–15 yrs 
PTA; ENT exam;  
survey 
No  
Cone et al. (2010) N = 6591 
Australian 
school 
children 
 year 1 & 5 
PTA screening Reported PSP use as a risk 
factor, but most significant 
factor = NICU admission 
Twardella et al. 
(2011) [German] 
N = 2240  
German   
Students 
grade 9 
PTA; medical exam; 
questionnaire 
Non-occupational risk factors 
identified: firearms, chain 
saws and power tools 
Carter (2011) N = ~ 1420 
Australian 
11−35 yrs 
PTA; interview; 
questionnaire 
No 
(preliminary analysis)  
DJ, disc jockey; ENT, ear, nose and throat specialist; HF, high frequency; NICU, neonatal 
intensive care unit; PSP, personal stereo player; PTA, pure-tone audiometry. 
 
Cone et al. (2010) tested the hearing of a large group of elementary school children (N = 
6591).  Sensorineural hearing loss was identified in 0.88% (55 of a total of 6581 
children assessed).  The use of PSP players was reported to be significantly higher in the 
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group identified with hearing loss compared with the group with normal hearing.  The 
greatly disparate number of affected versus non-affected cases, however, may cast 
doubt on Cone et al.’s conclusion that PSP use may be a risk factor for hearing loss.  
Further, Cone et al. (2010) noted that of the children reported to use PSPs, there was no 
difference in the reported hours of use per day, or parents’ reports of playing the “stereo 
too loud” in the normally hearing versus sensorineural hearing loss groups.  Overall, the 
available evidence from the larger cross-sectional studies identified in this review does 
not suggest a compelling association between leisure-noise exposure and HTLs. 
 
Longitudinal studies 
The present review identified only four studies providing serial audiometric data (with 
various retest intervals) and leisure-noise exposure data for young (mainly teenage) 
subjects.  The details of these studies are listed in Table 3.5. 
 
Table 3.5: Longitudinal studies. 
Authors Participants Assessment method Effect of leisure-noise? 
Roche et al. 
(1977, 1979, 
1982) 
 
N = 1100 
U.S. 
Main sample 6−18 
yrs 
PTA over 5 yrs; 
survey; dosimetry 
No significant associations 
between HTL and noise 
exposure scores 
Carter et al. 
(1984) 
N = 141 
Australian 
 10−12 yrs 
 (at 1st assessment) 
PTA x 2  
(retest 6−8 years after 
baseline) 
No significant HTL shifts 
Biassoni, et al. 
(2005); Serra et 
al. (2005) 
N = 173 
Argentine 
14−17 yrs 
PTA annually for four 
years 
Significant downward shift 
in HTLs for frequencies 
above 8000 Hz 
Jin et al. (2013) N = 698 
U.S. university  
band members 
≤ 25 yrs 
PTA; OAE; survey 
(re-test 3−4 months 
after baseline) 
No significant bilateral 
HTL shifts reported 
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A series of reports by Roche et al. (1977, 1979, 1982) described a five-year longitudinal 
hearing survey (Fels study).  Roche et al. (1979) reported no statistically significant 
associations between noise scores (derived from noise exposure histories) and HTL.  
For group mean threshold data, however, significant differences were observed for 
groups with particular exposures (specifically, power tools, Hi Fi, loud TV, and 
exposure to farm machinery) relative to groups reporting no exposure.  Roche et al. 
(1979) concluded that a longer surveillance period was required for a more effective 
analysis to be made.  Carter et al. (1984) reported no significant shift in HTLs over a 6- 
to 8-year test period.  Biassoni et al. (2005) and Serra et al. (2005) reported a significant 
downward shift in HTLs, confined to test frequencies above 8000 Hz.  However, the 
lack of normative data for the extended high-frequency range makes this finding 
difficult to interpret in isolation.  Further, Schmidt et al. (1994) suggested that inter-
subject variations are greater in extended range audiometry compared with conventional 
audiometry, and that ageing effects may be present for the very high frequencies even in 
relatively young people.  Schmidt et al. concluded that high-frequency audiometry 
cannot serve as an early indicator of the traumatic effects of noise.  Jin et al. (2013) 
studied the hearing of a group of U.S. university marching band members and age-
matched controls.  The period between baseline test (pre-band camp) and follow up (re-
test) was 3 to 4 months, with subsequent assessment annually (during band camp).  No 
significant bilateral hearing threshold shifts were reported. 
 
Population surveys of HTL 
Several retrospective analyses of HTL data from large population surveys have been 
published (Niskar et al., 1998; Niskar et al., 2001; Hoffman et al., 2010; Shargorodsky 
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et al., 2010; Henderson et al., 2011).  The HTL data analysed were obtained in the U.S. 
National Health and Nutrition Examination Surveys (NHANESs) which provide 
ongoing, broad health surveillance (Flamme et al., 2012).  NHANES data sets and 
experimental protocols are publicly available (Centers for Disease Control and 
Prevention, 2013) and contain HTL values for large numbers of young participants (e.g., 
N = ~ 5000 for 6- to 19-year-old cohorts of NHANES III). 
 
Niskar et al. (1998, 2001) were the first to publish analyses of NHANES III data, (1988 
− 1994) with the aim of estimating the prevalence of hearing loss in the young U.S. 
population.  Niskar et al. (1998) reported that “14.9% of U.S. children have low-
frequency or high-frequency hearing loss of at least 16 dB hearing level in one or both 
ears” (p. 1071).  Subsequently, the same authors (Niskar et al., 2001) published an 
alternate analysis of the same data, concluding that “12.5% of US children aged 6 to 19 
years (approximately 5.2 million) are estimated to have noise-induced threshold shift 
(NITS) in one or both ears”, and stated that “These findings suggest that children are 
being exposed to excessive amounts of hazardous levels of noise, and children’s hearing 
is vulnerable to these exposures” (p. 40).  Subsequently, Shargorodsky et al. (2010) 
published an analysis of the same NHANES III data, and later NHANES data (2005 − 
2006), reporting a prevalence rate of hearing loss of 19.5% among 6- to 19-years-olds 
for the 2005 to 2006 cohort.  As Schlauch and Carney (2011) acknowledge, as the first 
of their kind, the publications of Niskar et al. are important.  However, there are 
important limitations which cast doubt of the appropriateness of these prevalence 
estimates.  These factors are explained in detail later in this review (see Discussion 
section). 
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Hearing survey data from larger population health studies have also been used to look 
for changes in hearing loss prevalence in populations over time, testing the assumption 
that technological and social changes have resulted in increased leisure-noise exposure.  
The conclusions reported are inconsistent.  For example, Hoffman et al. (2010) 
compared National Health Examination Survey I 1959 to 1962 with NHANES 1999 to 
2004 data, reaching the conclusion that “Americans hear as well or better today 
compared with 40 years ago” (Hoffman et al., 2010 p. 725).  Shargorodsky et al. (2010) 
compared NHANES III 1988 to 1994 and NHANES 2005 to 2006 data, concluding that 
the prevalence of hearing loss among U.S. adolescents aged 12 to 19 years increased 
from 14.9% in 1988 to 1994 to 19.5% in 2005 to 2006.  The authors note, however, that 
the “majority of the hearing loss was slight” (Shargorodsky et al., 2010, p. 775) and 
most cases were unilateral.  Schlauch and Carney (2012) suggested that methodological 
differences between the two study periods (e.g., different tester qualifications) could 
affect the estimated hearing loss prevalence.  Using slightly different exclusion criteria 
and definitions of pure-tone average, Henderson et al. (2011) compared the same 
NHANES data sets as Shargorodsky et al. (2010), reporting no increase in prevalence. 
 
Several reports have also been published comparing the hearing thresholds of other 
cohorts, also with mixed conclusions.  Persson et al.’s (1993) analysis of audiograms of 
18- to 19-year-old Swedish military conscripts (obtained between 1969 and 1977) 
suggested improvement in hearing thresholds across time, which, it was speculated, may 
reflect improvements in general otological management after the 1950s to 1960s.  
Axelsson et al. (1994) referred to a 1988 report on Swedish military conscripts 
(Borchgrevink, 1988) which concluded that the incidence of hearing loss had “doubled” 
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since 1981.  Rabinowitz (2006b) reported that U.S. Army data from a similar period 
(1974 − 1989) showed a decrease in prevalence of hearing loss of army recruits.  To 
date, studies of prevalence trends are few, and whether the rate of NIHL is on the rise 
seemingly “remains controversial” (Rabinowitz et al., 2006b, p. 369).  Further, Lutman 
and Davis (1994) emphasised that, given all the possible factors involved, it would 
generally be unsurprising to find substantial variation between different sets of 
audiometric results, even when comparing large studies (where only small differences 
would be otherwise expected from statistical uncertainty). 
 
Case reports 
The current review identified only two articles containing case reports.  First, McMillan 
and Kileny (1994) presented a single case study of hearing loss documented in a child 
exposed to an impulse noise from a bicycle horn.  The second article, Brookhouser et 
al., (1992) includes five case studies of young people diagnosed with NIHL (NIHL was 
assumed on the basis of exposure history provided by the child or others, and the 
absence of other plausible aetiologies). 
 
DISCUSSION 
This review confirmed that PTA has remained the “test of choice” in leisure-noise 
research.  However, Schlauch and Carney (2011, 2012) and others (Green, 2002) have 
identified notable limitations in: (1) the use of audiometric surveys in general, and (2) 
the particular analytical techniques employed by some authors in this field of inquiry 
(e.g., Niskar et al.,1998, 2001; Shargorodsky et al., 2010).  Nevertheless, it was evident 
that the publications of Niskar et al. (1998, 2001) and Shargorodsky et al., (2010) are 
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much cited in support of the position that NIHL in young people is a significant 
problem (e.g., Chung et al., 2005; Tharpe & Sladen 2008; Kim et al. 2009; Shah et al., 
2009; Levey et al., 2011; Mahboubi et al., 2013).  It therefore seems appropriate to 
review the main issues of concern.  Seven main factors that have a significant effect on 
both the interpretation of results of individual studies and the extent to which the results 
of different studies can be meaningfully synthesised, were identified in this review.  
Each of these factors is described in the following section. 
 
Inherent imprecision of PTA 
As Schlauch and Carney (2012) emphasise, although PTA has been considered the 
“gold-standard” for assessing hearing threshold sensitivity (Shargorodsky et al. 2010), it 
is subject to variability due to calibration issues, test protocol, test-retest reliability, test 
environment, tester, and participant factors (e.g., motivation).  These factors become 
critical when attempting to identify incipient, or minimal, hearing loss (Schlauch and 
Carney, 2012), and where comparisons are made between data sets. 
 
Influence of “pass-fail” criterion 
In the clinical context, hearing thresholds better than 20 dB are generally treated as 
within “normal” limits (Lutman & Davis, 1994).  However, the cut-off criterion (or 
“fence”) between “normal hearing” and “hearing loss”, has not been standardised 
among scientific investigators (Mehra et al., 2009; Shargorodsky et al., 2010).  Many 
different criteria have been applied (some involving averaging of HTLs), generally 
without any clearly articulated justification.  In estimating the prevalence of hearing loss 
within a population, the lower (i.e., stricter) the criterion adopted, the higher the 
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reported prevalence (Mehra et al., 2009).  A study by Lees et al. (1985), listed in Table 
3.3, is a case in point.  In this analysis, a very strict criterion was used (any HTL ≥ 10 
dB HL) with a resulting reported prevalence rate (40%) that far exceeds other estimates. 
 
Reference HTL data 
With respect to hearing loss criterion, it is also important to be mindful that 
“audiometric zero” is not an absolute, but must be inferred statistically from specific 
and adequate population data (Corso, 1963; citing Hirsch, 1952).  Such population data 
is presented in ISO 7029 (ISO, 1984).  General discrepancies between measured group 
thresholds and ISO 7029 data (ISO, 1984) have been reported by a number of 
investigators (Guest et al., 2012).  If the ISO 7029 reference levels are not, in fact, 
typical of the general population, overestimation of prevalence will result, that is, the 
underestimation of “audiometric zero” will contribute to an assumption that 
experimental group data are intrinsically poorer than would otherwise be deduced.  
“Low fence” estimates of hearing loss will also be additive with overly restrictive 
audiometric norms in this respect.  In reviewing the results of audiometric surveys from 
various countries, Borchgrevink (2003) concluded that the median HTLs of any group 
of 18- to 20-year-olds are not 0 dB, but in the order of + 5 dB for most frequencies (0.25 
− 8 kHz).  This assertion is supported by recent Australian data (Williams et al., 2014).  
Schlauch and Carney (2011) noted that NHANES III (1988 – 1994) median HTLs are 
greater (i.e., worse) than 0 dB HL at each frequency, and suggested that this is not 
surprising, given that NHANES participants were not as stringently selected as those for 
studies contributing to ISO 7029.  Reference databases that are carefully obtained and 
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relevant to specific research target populations (e.g., adolescents and young adults) are 
currently lacking (ISO, 2013). 
 
Baseline PTA 
Given the uncertainties around reference audiometric data, NITS can really only be 
ascertained when pre-exposure (baseline) audiometric results are available.  The 
majority of hearing surveys have not included baseline audiometry (Holgers & 
Petterson, 2005).  Nevertheless, the terminology NITS (or NIPTS) has been used by 
some authors (e.g., Niskar et al., 2001).  In the absence of baseline data, this is 
presumptive (Meinke & Dice, 2007) and may be misleading.  It is also incorrect to 
assume that every individual starts with a pre-exposure 0 dB HL “baseline” even in the 
absence of other risk factors for hearing loss, as evidenced in ISO 7029 data. 
 
Audiometric configuration  
It has been clinically observed that subsequent to noise exposure, audiograms often 
show a frequency-specific hearing loss − typically in the 2 to 8 kHz region (Patuzzi, 
1992) commonly referred to as a “noise notch”.  The criterion used to identify a notch 
varies among investigators (Mostafapour, 1998; Rabinowitz et al., 2006a), and 
determines the reported prevalence of its occurrence (Nondahl et al. 2009).  Nondahl et 
al. (2009) systematically compared four notch “algorithms” (Coles et al., 2000; Dobie & 
Rabinowitz, 2002; McBride & Williams, 2001; Hoffman et al., 2006), observing poor 
agreement across criteria.  Bilger (1976, p. 458) also cautioned that while group average 
notch data may be of interest, it must be ascertained whether a “typical” notch profile 
can also be systematically identified in noise-exposed individuals. 
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It is clear from the literature that, regardless of criterion used, not all individuals 
identified as having a noise notch report a positive history of noise exposure, and 
neither do all individuals reporting a positive history of noise exposure have a notch 
configuration (McBride & Williams, 2001; Nondahl et al., 2009; Osei-Lah & Yeoh, 
2010).  There is also evidence that “dips” at 4 or 6 kHz may have aetiological factors 
apart from noise exposure (e.g., genetic, viral infections, otitis media, skull trauma and 
ototoxic drugs; Sataloff, 1980; Haapaniemi, 1995).  Klockhoff and Lyttkens (1982) 
presented 30 cases of children with a 4 kHz “dip”, none of whom had a history of noise 
exposure. 
 
Reliance on “noise notches” occurring at 6 kHz is particularly problematic.  Threshold 
elevation at 6 kHz may occur due to error in calibration reference values (Lutman & 
Qasam, 1998; McBride & Williams, 2001; Schlauch & Carney, 2011).  Even small 
systematic errors such as these have a significant effect on the estimates of occurrence 
of notched audiograms.  Schlauch and Carney (2011) re-analysed NHANES data, (using 
similar inclusion criteria to Niskar et al., 2001).  They concluded that systematic 
threshold error at 6 kHz (for all age groups) and 8 kHz (for younger participants), were 
very likely to have influenced findings.  Despite all these difficulties, a number of 
reporters on leisure-noise effects have used the noise notch as a “proxy” (Green, 2002) 
indicator of NIHL.  Examples of some studies using the noise notch as a metric, and 
others critiquing the use of the notch, are listed in Table 3.6. 
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Table 3.6: Cross sectional surveys using audiometric configuration (notch) as indicator. 
Authors Participants Assessment method Findings 
Guild (1950) Unknown 
U.K. 
 “Abrupt” audiometric 
configurations not always 
associated with impulse noise 
exposure 
Hinchcliffe (1959) N = 100 
U.K. 
PTA; ENT exam; 
questionnaire re; risk 
factors 
Poorer mid-high frequency 
HTLs in males – associated 
with small arms use 
Cozad (1974) N = 18,600 
U.S. 
school 
students 
PTA 
(no exposure data) 
Cite audiometric  
configuration (hearing loss  
above 3000 Hz) as possible 
evidence of NIHL 
Axelsson (1981) N = 538 
Swedish 
17−20 yrs 
PTA 
 
15% showed some hearing 
loss. Refers to “dip” at 6 kHz 
− but no correlation with 
leisure-time activities 
Rytzner and 
Rytzner (1981) 
N = 14,391 
Swedish 
7, 10, 13 yrs 
PTA screen; ENT 
follow up 
Small occurrence (4 kHz 
“dip”) associated with 
exposure in approximately 
200 cases 
Molvaer et al. 
(1983) 
N = 1474 
Norwegian 
20−80 yrs 
PTA; ENT exam; 
questionnaire 
6 kHz “dip” noted, even in 
youngest participants 
Assumed noise-related 
Haapeniemi (1995) N = 687 
Finnish 
6 −15 yrs 
PTA; ENT exam; 
questionnaire 
8.3% occurrence  
Cites several possible factors 
Holmes et al. 
(1997) 
N = 342 
U.S. 
10−20 yrs 
PTA screen; 6-item 
questionnaire 
6kHz “dip” associated with 
firearms use 
Mostafapour 
(1998) 
N = 50 
U.S. 
18−30 yrs 
PTA; speech 
discrimination test 
Found only one case of 
“notch” at 6 kHz 
Niskar et al. (2001) N = 5249 
U.S. 
6−19 yrs 
PTA (NHANES III 
data) 
(no exposure data) 
12.5% estimated to have a 
“notch” (“NITS”) 
McBride and 
Williams (2001) 
N = 357 
U.K. 
Electricity 
employees 
Bekesy audiometry; 
questionnaire 
49% determined to have a 
“notch” – no association with 
NIHL risk factors 
Rabinowitz et al. 
(2006a) 
N = 2526 
U.S. 
15−25 yrs 
 
PTA 
(limited exposure data) 
Almost 20% had “notch”− rate 
constant over 20 yr interval 
Likely related ‘at least in part’ 
to noise exposure 
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Nondahl et al. 
(2009) 
N = 2395 
U.S. 
43−84 yrs 
Compared algorithms 
using previous data 
(Beaver Dam study) 
“Notches” noted in the 
absence of noise exposure 
history  
Poor agreement among four 
different algorithms 
Osei-Lah and Yeoh 
(2010) 
N = 149 
U.K. 
outpatients 
19−91 yrs 
ENT outpatient 
assessment 
39.6% exhibited “notches” 
not attributable to noise or 
other risk factors 
Schlauch and 
Carney (2011) 
N = 5089 
U.S. 
6−19 yrs 
PTA (NHANES III 
data)  compared test 
and re-test data and  
computer-simulated 
audiograms 
Similar prevalence of 
“notches” in actual and 
simulated audiograms 
 
Jin et al. (2013) N = 698 
U.S. 
marching 
band members 
and controls 
≤ 25 yrs 
PTA; OAE Noted transitory behaviour of 
“notches” on multiple retests 
Twardella et al. 
(2013) 
N = 1843 
German 
adolescents 
~15−16 yrs 
PTA 2.4% prevalence of “notches” 
 
Apart from the scientific limitations of the use of the notch as a metric, it is also 
concerning that some papers confidently cited noise notch presence as evidence of 
NIHL, yet provided no substantiating data regarding participants’ actual leisure-noise 
exposure (e.g., Cozad et al., 1974; Niskar et al., 2001). 
 
Explanatory variables 
For meaningful estimates of NITS to be made, all possible risk factors for hearing loss 
must be taken into account (Engdahl et al., 2005).  HTL data must be excluded from the 
analysis where factors other than noise exposure may contribute to HTL shift.  Some 
extraneous factors can be observed at assessment (e.g., cerumen occlusion, middle ear 
dysfunction), while others must be identified through careful history taking (e.g., 
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prenatal exposure to disease, ototoxic drug exposure, family history, and head/ear 
trauma).  There is also increasing evidence that other agents, such as tobacco (Ferrite & 
Santana, 2005) and solvents (Campo & Lataye, 2000), may represent significant risk 
factors for hearing loss. 
 
Achieving the appropriate suite of exclusions is important, but challenging, as Schlauch 
and Carney (2012) demonstrate well.  Obtaining an adequate case history is time 
consuming and subjective, as it relies on the recollection of the participant or informant.  
Further, a stringent set of exclusion criteria has the advantage of removing extraneous 
causes of variation, but introduces the disadvantage of decreased statistical power in 
particular strata (Lutman & Davis, 1994).  There are insufficient test items in some data 
sets for strong exclusion criteria to be applied, which weakens the usefulness of the data 
in determining NIHL.  NHANES III, for instance, did not include otoscopy or pure tone 
audiometric bone conduction testing in its protocol, a point that is clearly acknowledged 
by Niskar et al. (1998) and Shargorodsky et al. (2010).  Tympanometry was included in 
the NHANES III protocol but Niskar et al. (1998) and Shargorodsky et al. (2010) 
apparently did not use the available results as an exclusion criterion in their analyses.  
The NHANES III data set also lacks information about the noise-exposure history of 
participants.  Although the 2005 to 2006 NHANES protocol included a detailed 
questionnaire including probes on firearms use, occupational and non-occupational 
noise exposure, Shargorodsky et al. make only limited reference to this information in 
their commentary. 
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To demonstrate the importance of such analysis decisions, Schlauch and Carney (2012) 
re-analysed NHANES III and NHANES 2005 to 2006 data using the same criteria for 
hearing loss as Niskar et al. (1998) and Shargorodsky et al. (2010), but applying various 
exclusion criteria.  They clearly demonstrated how criterion for hearing loss and 
exclusion criteria interact to determine the estimated prevalence of hearing loss overall.  
Schlauch and Carney (2012) also highlighted the work of Henderson et al. (2011), who 
analysed the same data for teenage participants as Shargorodsky et al. (2010) but 
applied different exclusion criteria and a different criterion for hearing loss.  Henderson 
et al. reported a lower prevalence of hearing loss than Shargorodsky et al.  However, it 
is difficult to ascertain whether exclusions used, or the definition of hearing loss, 
contributed more to the difference in prevalence estimates (Schlauch and Carney, 2012). 
 
It is also noteworthy that the analysis by Schlauch and Carney (2012) showed a higher 
percentage of 6- to 8-year-old participants met the criterion for hearing loss than 6- to 
11-year-old children (18% versus 16.3%, respectively).  Given that children as young as 
6 to 8 years are unlikely to have any significant risk for NIHL, this finding casts further 
doubt on the assumption that the observed hearing losses in these young cohorts are 
attributable to noise exposure. 
 
General comments 
There are extensive data indicating that significant loud-noise exposure occurs in a 
range of leisure situations (in particular, when using firearms and attending rock-
concerts, nightclubs and similar venues).  However, there still appears to be insufficient 
consistent, empirical evidence to support the position that pure tone hearing loss, which 
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is causally related to leisure-noise exposure, is either very widespread among young 
populations or is increasing over time.  Much of the past research provides little insight 
into the lasting effects of leisure-noise exposure (e.g., experimental TTS studies, 
retrospective analyses of population data) and there is a dearth of more revealing studies 
(e.g., longitudinal studies).  Some of the earlier literature provides insufficient detail for 
useful retrospective interpretation.  The limitations of PTA as a metric have not always 
been acknowledged.  Case studies account for a large proportion of published material 
across a wide range of disciplines; however the scarcity of case studies in the leisure-
noise literature (Luxon, 1998) is noteworthy.  Although as a research methodology case 
studies are regarded as at the lower end of the evidence-based research pyramid, they 
can add depth of understanding to enquiries that large sample approaches do not provide 
and may help “close in” on real-life situations (Flyvbjerg, 2011).  Perhaps most 
importantly, results from different studies using similar methods, or even using the 
same data, are not in good agreement. 
 
Based on the evidence available for occupational noise exposure, some commentators 
have seemingly over-stated the likely longer-term effects of leisure-noise exposure.  For 
example, Niskar et al. (2001) reported that children were found to have “moderate to 
profound NITS” and that “With continued harmful noise exposures, the threshold shift 
at 3, 4 or 6 kHz increases in severity…” (Niskar et al., 2001, p.40).  Annex E of ISO 
1999 (1990) indicates that the median threshold shift, even after four decades of very 
high intensity industrial noise exposure is moderate − not severe or profound − in 
degree, and the observed deterioration is gradual and non-linear, reaching an asymptote 
in time.  For example, Table E.4 (ISO, 1990, p. 16) shows that the 0.5 fractile (i.e., 
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median threshold value for the population) at 4000 Hz, after regular exposure to 100 dB 
(LAeq,8 h) for ten years is 31 dB; for 20 years 36 dB; 30 years 39 dB and; 40 years 41 
dB.  This represents decreasing increments of 31, 5, 3 and finally, 2 dB per respective 
decade, in response to long and intense regular exposure.  It is also noteworthy that the 
population data presented in ISO 1999 demonstrate that age-related threshold shift 
typically overlaps NITS later in life, as illustrated in Table B.1 of the standard (ISO, 
1990). 
 
Nevertheless, although the extent of the risk may have been overstated by some 
commentators, recent evidence (including “daily life” SPL measures) indicates that a 
proportion of young people are exposed to noise doses sufficient to cause injury (Beach, 
2013c).  Beach et al. (2013c) recently estimated that ~ 15% may be affected.  Although 
more conservative (lower) than some suggestions, this still represents a significant 
proportion of the population.  The current authors agree with others (e.g., Smith, 2000; 
Schlauch & Carney, 2012) that public education is of continuing importance.  However, 
it is equally important that the leisure-noise risk is not over-stated, at the potential cost 
of losing public credibility, and also diverting attention from the serious and ongoing 
problem of occupational noise.  The additive effects of work, non-work and purely 
recreational noise sources must also be seriously considered (Williams, 2009).  Despite 
the large volume of data collected in this field, no specific damage-risk criteria for 
leisure-noise exposure are currently available (Portnuff et al., 2013). 
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Implications for future research 
Where PTA is used, it is imperative that protocols ensuring the highest level of 
precision are put into place (Macrae, 1998; Schlauch & Carney, 2007).  Better 
quantification of the multiple sources of experimental uncertainty (e.g., measurement 
error, selection biases, confounding variables) is vital in designing studies that produce 
both meaningful and economical outcomes (Phillips, 2001).  It also appears that the 
field would benefit greatly from the establishment of a consistent and scientifically 
justified approach to hearing loss criteria. 
 
Previous commentators have suggested that paradigms other than conventional PTA 
should also be explored (e.g., SCENIHR, 2008).  Suprathreshold tests (e.g., speech-in-
noise assessments) and objective techniques (e.g., auditory brainstem response, cortical 
auditory evoked response, and MEG testing) may extend the evidence-base regarding 
subclinical changes to the auditory system.  Ideally, longitudinal studies would be 
implemented, with baseline measures collected in the pre-teen years when noise 
exposure is minimal.  However, the current authors recognise the logistical challenges 
and high cost of this type of research.  Thus, cross-sectional studies of clearly at risk 
groups (e.g., frequent nightclub attendees) may be useful.  Amassing clinical details 
(including measures of hearing disability) of leisure-noise exposed individuals, with no 
other risk factors for hearing loss, may also be informative.  The establishment of 
clinical databases to collate relevant information across localities, or even countries, 
could be considered. 
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The use of amplification potentially provides an additional risk factor for increased 
threshold shift, particularly in high-noise leisure environments.  The current authors 
noted the lack of data concerning leisure-noise exposure and impacts for young hearing 
aid wearers (with early onset sensorineural hearing loss).  This deficiency in knowledge 
is currently being addressed through an ongoing survey conducted by NAL.  Lastly, in 
order to quantify the real individual and societal costs of leisure-noise exposure, more 
evidence regarding the actual hearing difficulties (i.e., disabling/handicapping effects) 
of leisure-noise-exposed individuals is greatly needed. 
 
CONCLUSIONS 
Some of the commentary in this field of research to date is arguably more speculative 
than evidence-based.  Information provided to public health authorities, educationalists, 
the media, and the community at large, must be evidence-based and scientifically 
defensible.  Scientists should be prepared to challenge over-stated, or over-paternalistic, 
public information.  The real cost versus benefit of future leisure-noise research should 
be carefully considered, and the freedom of individuals to make personal choices about 
their recreational pursuits, based on accurate scientific information, should be 
acknowledged in this process.  At a global level, epidemiological and other health 
research directly consumes millions of dollars every year (Phillips, 2001).  It is 
therefore imperative that future investigators do everything possible to ensure that 
unambiguous and meaningful conclusions can be reached in future leisure-noise 
research. 
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CHAPTER 4  
LEISURE PROFILES AND WHOLE-OF-LIFE NOISE EXPOSURE 
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Definitions:  Loud sound experienced during leisure activities has been referred to as 
“leisure noise” or “social noise” (Smith et al., 2000).  In this review the term leisure 
noise is used.  It is important to note that while the term noise sometimes denotes 
unwanted sound, leisure noise is often not only acceptable to the listener, but is sought 
after as a pleasurable experience (Hidecker, 2008; Gilliver et al., 2013). 
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The terminology surrounding “hearing loss” also varies in the literature and among 
authorities.  Three concepts are generally defined:  (1) Threshold “shift” (or threshold 
impairment), which refers to a deviation of individual hearing threshold levels (HTLs) 
from a baseline, that is, either the HTL of the individual or a recognised audiometric 
standard (WHO, 1980),  (2) “noise-induced (permanent) threshold shift” or “noise-
induced hearing loss”, referring to threshold shift attributable to noise exposure alone 
and, (3) “hearing impairment” (or hearing disability/hearing handicap), which refers to 
the individual disadvantage in everyday life imposed by HTL shift, particularly in terms 
of understanding conversational speech (ISO, 1990).  In this article “hearing loss” is 
synonymous with HTL shift. 
 
There is currently no universal definition of “normal hearing” (Schlauch & Carney, 
2012).  In this article “normal hearing” implies HTLs similar to those of reference 
populations (e.g., ISO 7029, 2000). 
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ABSTRACT  
Background: Since amplified music gained widespread popularity, there has been 
community concern that leisure-noise exposure may cause hearing loss in adolescents 
and young adults who would otherwise be free from hearing impairment.  Repeated 
exposure to personal stereo players (PSPs) and music events (e.g., night-clubbing, rock 
concerts and music festivals) are of particular concern.  The same attention has not been 
paid to leisure-noise exposure risks for young people with hearing impairment (either 
present from birth or acquired prior to adulthood).  This article reports on the analysis of 
a subset of data (leisure participation measures) collected during a large, two-phase 
study of the hearing health, attitudes and behaviours of 11- to 35-year-old Australians 
conducted by the National Acoustic Laboratories (NAL) (n = 1667 hearing threshold 
level datasets analysed).  The overall aim of the two-phase study was to determine 
whether a relationship between leisure-noise exposure and hearing loss exists. 
Purpose:  In the current study, the leisure activity profiles and accumulated (“whole-of-
life”) noise exposures of young people with, (1) hearing impairment and (2) with 
normal hearing were compared. 
Research Design:  Cross-sectional cohort study. 
Study Sample:  Hearing impaired (HI) group, n = 125; normal (non-impaired) hearing 
(NH) group, n = 296, analysed in two age-based subsets: adolescents (13- to 17-year-
olds) & young adults (18- to 24-years-olds). 
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Data Collection and Analysis: Participant survey.  The χ2 test was used to identify 
systematic differences between the leisure profiles and exposure estimates of the HI and 
NH groups.  Whole-of-life noise exposure was estimated by adapting techniques 
described in ISO 1999. 
Results: For adolescents, leisure profiles were similar for the two groups and few 
individuals exceeded the stated risk criterion.  For young adults, participation was 
significantly lower for the HI group for 7 out of 18 leisure activities surveyed.  Activity 
diversity and whole-of-life exposure were also significantly lower for the HI group 
young adults.  A substantial number of individuals in both groups reported participation 
in leisure activities known to involve high noise levels (HI < NH).  The individual 
whole-of-life exposures for the HI and NH participants were estimated and group 
median exposures were calculated.  The median exposure for HI group young adults 
was significantly lower than for the NH group (710 versus 1,615 Pa2h [Pascal squared 
hours]). 
Conclusions: The number of young adults with estimated exposure above the chosen 
noise-risk criterion in the NH group is concerning.  With respect to the goals of hearing 
loss prevention initiatives, the more conservative social behaviour (e.g., less night-
clubbing) observed among HI group young adults may be regarded as a positive finding, 
but it could also signify relative social disadvantage for some young adults with hearing 
impairment. 
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INTRODUCTION 
Leisure activity is a significant part of life.  Henry (1998) cited evidence from 
occupational therapy literature emphasising the importance of leisure and play for 
children’s development of identity, self-esteem, physical and cognitive skills, and in 
providing enjoyment, relaxation and achievement.  For adolescents and young adults, 
some popular and socially important leisure activities involve noise-injury risk (e.g., 
nightclub attendance, pop/rock music concerts).  Noise injury has typically been 
regarded as being manifested by hearing threshold level (HTL) shift; however, evidence 
now suggests that there may be subclinical damage occurring between the cochlea and 
the auditory nerve preceding HTL shift (Kujawa & Liberman, 2009; Stamper & 
Johnson, 2015). 
 
Noise exposure is cumulative and three main factors interact to determine individual 
noise-injury risk: (a) the average loudness (long-term equivalent average sound level, 
LAeq) of sound during each activity or event, (b) the duration of each event, and (c) the 
total number of high-noise events experienced over the life time (Williams et al., 2015).  
The average risk of HTL shift for people with a normal hearing baseline can be 
meaningfully estimated based on lifestyle profiles (Williams, 2008), although some 
individual variation in susceptibility to noise injury has been demonstrated in well-
controlled human and animal studies (Henderson et al., 1993; Davis et al., 2003).  That 
is, individuals with similar baseline hearing thresholds exposed to exactly the same 
noise may develop differing amounts of noise-induced permanent threshold shift 
(NIPTS) (Henderson et al., 1993).  Individual estimation of noise-injury risk involves 
some level of approximation; however, it is still critical to examine the association 
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between noise exposure and health effects.  Hidecker (2008) emphasised that noise 
exposure and audiometric data are needed to investigate the causal connection or the 
dose-response relationship between noise exposure and NIPTS. 
 
There have been a number of estimations of the prevalence of NIPTS for young 
populations using various samples and methodologies (Schlauch & Carney, 2012; 
Carter et al., 2014).  In the Australian context, it was recently concluded that around 
14% of 11- to 35-year-olds were at risk for noise injury from leisure-noise exposure 
(Beach et al., 2013b).  As noted by Gilliver et al. (2013), there are now a range of 
educational resources offering hearing loss prevention advice to young people.  A 
number of published reports have described various approaches and their outcomes 
(Martin et al., 2006; Widen, 2006; Griest & Folmer, 2007; Weichbold & Zorowka, 
2007).  Under a recent Australian hearing health initiative (HEARsmartTM) an 
educational website, “Know Your Noise” (knowyournoise.nal.gov.au), has been 
developed, which allows noise risk to be self-estimated based on lifestyle factors, i.e., 
work and leisure activity participation and the use of  personal hearing protectors (PHP) 
(Beach & Sewell, 2015).  Users of the “Know Your Noise” website can see how their 
risk estimation changes when lifestyle details are varied.  Personalised feedback about 
noise risk is provided in the form of simplified comparison statistics (individual risk 
versus average risk for others of a similar age).  As for the current analysis, risk 
estimates provided by the website are based on data and methods described in ISO 1999 
(ISO, 2013). 
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Like other hearing health initiatives, “Know Your Noise” assumes a target audience 
without hearing impairment prior to noise exposure.  Currently, there is little evidence 
from which individuals with existing sensorineural hearing loss can be readily and 
specifically informed about noise risk.  This lack of information is significant.  Ching et 
al. (2013) described the concern about excessive amplitude levels during hearing aid use 
as similar to that for regularly noise-exposed workers (as per, OSHA, 1981; NIOSH, 
1998; ISO, 2013).  This concern for hearing aid wearers arises from the fact that, by 
design, hearing aids increase the sound pressure level delivered to the wearer’s ear 
(Dolan & Maurer, 1996), therefore, potentially accelerating the accumulation of noise 
exposure.  On the other hand, it has also been observed that an ear with pre-existing 
sensorineural hearing loss sustains less HTL shift from a given exposure than a non-
impaired ear (Macrae, 1991a, 1992). 
 
The prevalence and extent of hearing aid-related NIPTS has been debated (Markides, 
1971; Rintelmann & Bess, 1977; Reilly et al., 1981; Bentler, 2000) and still remains 
unclear.  Hearing-aid related HTL shifts were reported in some early clinical studies, 
most compellingly when observed in monaurally aided ears while the unaided ear 
remained unaffected (Macrae & Farrant, 1965; Ross & Lerman, 1967; Macrae, 1968; 
Roberts, 1970).  However, since the time of these studies, technological developments 
in digital signal processing (particularly, nonlinear amplification) have allowed 
automatic control of hearing aid amplification as a function of input level (Ross, 2011; 
Dillon, 2012) which would be expected to improve overall safety.  Prediction of hearing 
aid-related NIPTS using mathematical modelling was also the subject of earlier 
publications (see Humes & Jesteadt, 1991; Macrae, 1991a, b, 1994).  Macrae (1991a) 
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predicted that a small amount of NIPTS was inevitable for wearers with severe-to-
profound sensorineural hearing loss (due to the high amount of gain required to make 
speech audible).  Dolan and Maurer (1996) emphasised that these studies addressed the 
use of hearing aids for listening at “normal conversational levels”, in situations such as 
the classroom or home, rather than in high-noise environments. More recently, a 
modelling study by Ching et al. (2013) described the prediction of asymptotic threshold 
shifts associated with non-linear hearing aid use, with devices fitted according to 
contemporary prescriptive procedures.  It was concluded that with high input levels, 
unsafe amounts of asymptotic threshold shift would still be expected to occur for 
individuals with more severe hearing loss. 
 
To date, there has been little systematic information about the leisure activities of young 
people who wear hearing aids and/or cochlear implants (CIs).  Punch et al. (2004) also 
noted that information pertaining to the work life of young people with hearing 
impairment was lacking.  Therefore, knowledge about the range of input levels young 
hearing aid wearers are likely to experience in everyday life is limited.  Furthermore, 
studies of young people with hearing impairment tend to be biased towards users of CIs 
(Hogan et al., 2011), for whom noise risk is not a critical issue as the signal provided by 
CIs is non-acoustic.  In general, although hearing impairment is one of the most 
common disabling conditions in young people (Keilmann et al., 2007) and considered a 
“social” handicap (Watson et al., 1990), its effects on participation and emotional well-
being have been under-researched (Tsai & Fung, 2005; Hogan et al., 2011). 
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With respect to the prevention of NIPTS in hearing aid wearers, currently and widely 
used paediatric hearing aid-fitting protocols (see King, 2010; AAA, 2013) emphasise 
the importance of matching amplification (gain and maximum power output) closely to 
prescribed targets, monitoring hearing thresholds regularly for indications of threshold 
shift, and informing young hearing aid wearers and their parents about the importance 
of using hearing aids at the recommended volume setting.  Ching et al. (2013) also 
emphasised the need for clinicians to advise children (or parents) against the use of 
amplification in high-noise environments and to promote the use of PHPs during 
extended noise exposure.  In general, clinicians are advised to recommend that hearing 
aid wearers (of any age) should “avoid prolonged exposure to high noise levels” 
(Dillon, 2012, p. 333). 
 
While providing general advice fulfils an evidence-based duty of care to clients, 
participation in everyday activities may be compromised if an overly conservative 
approach to noise risk management is adopted.  For example, a parent may ask their 
child’s audiologist whether school dances or learning a loud musical instrument (e.g., 
trumpet) should be avoided.  The clinician may support avoidance or prescribe the 
rigorous use of PHPs.  However, turning off hearing aids or using PHPs during a social 
or musical activity may make it difficult for a child to fully participate.  With the 
existing evidence base, it is difficult to provide information that is reliable and specific 
enough for parents (or older children) to meaningfully weigh up the risks versus 
benefits in such instances.  Over-generalised counselling may lead to parent decisions 
based on misperceptions of high-level risk when the actual risk is relatively low.  It has 
been noted in family therapy research that unnecessary parental concern in 
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environments that actually involve minimal risk can become counter-productive (Ungar, 
2009). 
 
Development of meaningful participation measures is complex (Coster et al., 2012) but 
it has been demonstrated that leisure participation can be reliably measured in 
adolescents with, and without, disabilities (Henry, 1998).  Participation is 
multidimensional, “involving type and frequency of activity as well as environmental 
and personal factors” (Raghavendra et al., 2011, p. 148) and a number of different 
participation measures have been described (Henry, 1998; King et al., 2004; Bedell, 
2009; Rosenblum et al., 2010; Solish et al., 2010; Ullenhag et al., 2014).  Phillips et al. 
(2013) noted that frequency, duration, and intensity of activity performance are 
important in measuring extent of involvement (citing Bedell & Coster, 2008; Dijkers, 
2010).  Coster (2012) also emphasised the importance of frequency as an objective 
measure.  Participation measures are distinct from health-related quality-of-life (QoL) 
measures, which primarily investigate individual satisfaction with respect to health 
status (Forsyth & Jarvis, 2002) as opposed to extent of activity involvement. 
 
This article presents an analysis of activity participation data, extracted from 
comprehensive surveys used in an Australian two-phase hearing health study.  This 
study was supported by the Australian Commonwealth Government, Office of Hearing 
Services and the National Health and Medical Research Council, in the context of 
community concern about the leisure-related, noise-injury risk of adolescents and young 
adults.  The first study phase has been reported previously (see Carter, 2011; Williams, 
et al., 2014; Carter et al., 2015; Williams et al., 2015).  The participation measures used 
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in this study, and described in the current article, were specifically developed by the 
National Acoustic Laboratories (NAL), as no existing measures were applicable to the 
specific research objectives and participant age range of this study.  Participant profiles 
of frequency and duration of involvement in a range of leisure activities were gathered 
primarily to estimate individual whole-of-life noise exposure.  Individual satisfaction 
with leisure activities (i.e., QoL) was not examined.  The main purpose of the analyses 
described in this article was to compare the leisure activity profiles and accumulated 
(whole-of-life) noise exposure of a group of young Australians with hearing impairment 
(HI group) with an age-matched group of normal (non-impaired) hearing participants 
(NH group). 
 
Research hypotheses 
It was hypothesised that (a) the reported leisure participation of young people in the HI 
group would be lower than the NH group and (b) the estimated whole-of-life noise 
exposure of the HI group would also be lower. 
 
This hypothesis was based on the knowledge that in noisy environments, people with 
sensorineural hearing impairment may be affected by communication difficulty 
(Hallberg & Carlsson, 1991) and/or listening discomfort  (i.e., decreased dynamic range 
related to cochlear hair cell damage or “recruitment”; Dillon, 2012) and therefore may 
be averse to noisy leisure activities.  In addition, many young Australians with hearing 
impairment have regular contact with hearing professionals and it was therefore 
speculated that as a group they may be more exposed to hearing loss prevention 
messages than their peers with normal hearing. 
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The estimated whole-of-life exposures of individuals with hearing impairment presented 
here are a first-order approximation and may be slightly conservative.  Hearing aid 
parameters and patterns of use (i.e., volume setting, listening environments) may 
interact with participation profiles to influence each individual’s whole-of-life noise 
exposure to varying degrees. 
 
METHOD 
The leisure activity profile data presented here were extracted from a larger hearing 
health dataset collected between 2009 and 2014, over two study phases. 
 
Participants:  phase 1 
A total of 1,407 participants provided audiological data, 723 were interviewed, and 
1,059 completed hearing health, behaviour and attitudes surveys in phase 1.  All 
participants were residents of New South Wales, most (~85%) within the greater 
metropolitan area of Sydney.  The remainder resided in regional areas.  Recruitment 
initially targeted 11- to 17-year-olds (school students) with the only inclusion criterion 
being age.  The protocol was later extended to include 18- to 35-year-olds (tertiary 
students and employees in a range of work settings).  Survey and structured interview 
instruments used are publicly available (Carter, 2011).  A subset of participants who 
provided survey data was selected as the NH group for the current analysis according to 
the following inclusion criteria:  better ear four frequency average hearing level at 500, 
1000, 2000, and 4000 Hz ≤ 20 dB HL, and absence of disabling conditions (i.e., 
physical, intellectual or sensory).  A number of phase 1 participants were undertaking 
tertiary level music study at the time of completing the survey.  Data for these 
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participants were excluded from the current analysis on the basis that the level of 
musical activity participation required in this vocational area is not typical of the 
population of interest and would skew results for music-related items for the NH group. 
 
Participants:  phase 2  
Retrospective HTL data were obtained for a total of 260 participants with confirmed 
hearing threshold impairment.  In all, 237 participants provided both retrospective HTL 
and complete survey data.  Approximately 80% were resident in the greater 
metropolitan area of Sydney.  Most were recruited via Australian Hearing (the national 
hearing service provider to young people up to the age of 26 years).  Age was again the 
only specific inclusion criterion.  Invitation packages were distributed to potential 
participants during routine follow up assessments at 15 participating hearing centres in 
New South Wales.  The overall take-up rate for those invited to participate was low 
(~14%); however the survey return rate for those providing consent to participate was 
high (~92%).  Hearing loss was sensorineural in nearly all cases.  The degree (see Table 
4.1) and configuration of hearing losses varied.  The majority of participants were 
diagnosed with hearing impairment before school age, and almost all by adolescence.  
Most participants were fitted with hearing aids.  Only 8% of participants (n = 10) used 
CIs only.  Detailed clinical information (including serial audiograms, hearing aid data 
and case histories) were collected from the participants’ Australian Hearing clinical 
files.  In the majority of cases, continuous records from the time of first diagnosis were 
available.  For the current analysis, disability in addition to hearing impairment was the 
only exclusion criterion apart from age. 
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Participants:  current analysis 
As noted previously, the target age range for the overall two-phase study was 11 – 35 
years.  However, age differences in leisure profiles have been reported (e.g., Shikako-
Thomas et al., 2008; ABS, 2009; Coster et al., 2012; Beach et al., 2013b) and therefore 
participants for the current analysis were selected in two age-based subsets:  (A) 13 – 17 
years (adolescents) and (B) 18 – 24 years (young adults) (see Table 4.1).  These age 
divisions were chosen on the basis that “adolescence” commences at around 13 years of 
age, and extends through the time period that young people are still primarily dependent 
on parents/adults (Altman, 1996).  By 18 years of age, most young people have 
completed high school and may also have gained the independence of driving (Coster et 
al., 2012).  Furthermore in Australia, 18 years is the minimum age for legal entry to 
licensed premises (i.e., nightclubs and bars).  Australian Government census data (ABS, 
2009) indicated that most attendees at loud popular music concerts were aged between 
18 and 24 years, with the likelihood of attendance decreasing with age.  Therefore, 24 
years was chosen as the upper age limit for the current investigation. 
 
Table 4.1 provides an overview of participant details.  For the NH group, the median, 
better-ear, four-frequency average hearing level at 500, 1000, 2000, and 4000 Hz for 
adolescents was 5 dB HL (range = 0 – 19 dB HL) and for young adults was 4 dB HL 
(range = 0 – 15 dB HL).  To provide a general demographic profile for each group, 
decile rankings of socio-economic status (SES) were assigned to each participant based 
on town/suburb of residence (according to Census of Population and Housing data, 
ABS, 2006).  The percentages of participants in the three most socio-economically 
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advantaged categories (i.e., 8, 9 and 10) by group were the following: adolescents, HI = 
56%, NH = 38%; young adults, HI = 47%, NH = 71%. 
 
Table 4.1: Participant details. 
 HI group NH group 
Total # survey responses: n = 267 n = 1059 
>10.99 < 35.99 yr    
*Analysis subsets: (% total 
participant group) 
  
(A) >12.99 < 17.99 yr  46 (17%) 165 (16%) 
(B) >17.99 < 24.99 yr 79 (29%) 131 (12%) 
Mean participant age (A) 14.9 15.8 
Mean participant age (B) 21.1 22.4 
Participant gender (A) 
(% age subset) 
Female:    
Male: 
n = 26 (56.5%) 
n = 20 (43.5%) 
Female: 
Male:     
n = 89 (53.9%) 
n = 76 (46.1%) 
Participant gender (B) 
(% age subset) 
Female:  
Male: 
n = 56 (70.9%)   
n = 23 (29.1%) 
Female:    
Male: 
n = 78 (59.5%) 
n = 53 (40.5%) 
HI group 
Degree of pure tone hearing loss (better ear 4FAHL500, 1000, 2000, 4000 Hz)†  
Mild (21−39 dB) Moderate (40−59 dB) Severe (60−89 dB) Profound (90+ dB) 
(A)      17 (37%) 
(B)      13 (16.5%) 
16 (34.8%) 
25 (31.6%) 
  2 (4.3%) 
18 (22.8%) 
  4 (8.7%) 
13 (16.5%) 
Reported hearing aid/cochlear implant use 
Hearing aids only  Cochlear implant Devices no longer used 
(A)        36 (78%) 
(B)        58 (73%) 
  6 (13%) 
16 (20%) 
3 
2 
 
 
Notes:  Some CI wearers also use a conventional hearing aid in the opposite ear. 
* After exclusion criteria applied (i.e., disability in addition to hearing impairment, missing 
HTL or survey data, poor survey completion, tertiary music students). 
† HI group includes cases with better ear 4FAHL < 21 dB (re; asymmetrical HTLs).    
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Ethics 
Protocols were approved by the Australian Hearing Human Research Ethics Committee, 
the Human Research Ethics Committee, University of Sydney, and the New South 
Wales Department of Education and Training, Student Engagement and Program 
Evaluation Bureau.  Participation was voluntary and there were no individual incentives 
for taking part. 
 
Survey and interview forms 
Protocol development was informed by a review of previous literature pertaining to the 
effects of noise on younger populations (see Carter et al., 2014).  Previous hearing 
health surveys, particularly those reported by Serra et al. (2005) and Biassoni et al. 
(2005), influenced the selection of item content.  Children’s focus groups were also 
used in the development process.  Instrument piloting was carried out in the early stages 
of phase 1 of the study and any difficulties with items were addressed.  Further piloting 
of survey versions for phase 2 of the study was undertaken, to ensure content was 
equally appropriate for young people with hearing impairment.  In this context, expert 
feedback was obtained from paediatric audiologists, psychologists, an occupational 
therapist, statistician, and a medical practitioner.  For phase 2 participants < 18 years of 
age, separate parent and participant forms were used.  Demographic and participant 
hearing health items were included in the parent form.  This was intended to reduce the 
complexity of survey completion for younger participants with hearing impairment, 
given that it is well documented that childhood hearing loss is associated with literacy 
and language development issues (Hogan et al., 2011). 
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In both study phases the survey was completed by the participant at home, either in 
paper form or online (as preferred).  The format was self-report; however the 
instructions for under-18-year-olds allowed for parents to assist where required 
(particularly in the recall of past activities or incidents).  All participant survey versions 
contained a concise measure of activity participation referred to as the “leisure table” 
(see Appendix 2, Q. 34 & Appendix 3, Q. 35).  Figure 4.1 shows the leisure table 
response format (HI survey versions). 
 
 
Figure 4.1: Format of questions in “leisure table” section of hearing health survey (HI 
versions). 
 
The format for NH adults was identical to this, apart from exclusion of the device usage 
item.  In the survey version completed by the adolescent NH group, the leisure table 
format differed slightly.  It contained identical frequency, total years participation, and 
PHP use questions, but omitted specific detail about duration (i.e., How many hours per 
week?, How many hours each time?).  To maximise the consistency of responses, the 
activity descriptions were very specific.  The total number of activity items was limited 
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with respect to the burden of completion time.  For adolescent participants, 20 items 
were initially included in the leisure table but 6 were subsequently added during the 
course of phase 1 of the study.  All 26 of these items were included in the HI group 
survey for adolescent participants; however, only data for the 20 common items were 
used in the current analysis.  The adult surveys for both the HI and NH groups 
contained 15 identical activity items (see Appendix 3, Q. 35). 
 
Participants were asked to provide details of any other noise exposure (including work 
activities) using the same format as the leisure table items.  In addition to the leisure 
table items, other noise-related questions included exposure to sudden impulse noise 
(e.g., gunshots, blasts), personal listening to recorded music (personal stereo players 
[PSPs], speakers), and attendance at dances/night clubs (young adult versions only).  To 
account for any parent influence over adolescent participant responses, several music-
listening questions were partially duplicated in a face-to-face interview as a reliability 
measure during phase 1 of the study.  Frequency and preferred volume for PSP use from 
this interview data (see Appendix 5) were used for the current analysis.  For logistical 
reasons participants with HI were not interviewed, however the relevant music-listening 
items contained in the NH group interviews were duplicated in the take-home survey for 
< 18-year-olds in phase 2.  Personal music-listening items (interview and survey) 
contained subjective rating scales allowing the participant to provide an indication of 
typical listening levels.  The use and reliability of these scales has been described 
previously (see Gilliver et al., 2012; Williams et al., 2013). 
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Analysis 
Comparing leisure profiles 
The frequency data from the leisure table and personal music-listening questions were 
used for comparing the leisure activity profiles of the HI and NH groups.  As illustrated 
in Figure 4.1, the leisure table provided eight participation frequency response options 
per activity.  However, these categories needed to be aggregated to provide sufficient 
power for analyses.  Therefore, these eight options were collapsed into four categories 
as follows: 1 = never; 2 = once or twice ever−once or twice/year; 3 = once every 2−6 
months; 4 = monthly−once/week or more.  Collapsing categories in this way also 
allowed direct comparison of the current data with earlier NAL data (e.g., Beach et al., 
2013b).  Pearson’s χ2 testing was applied to the recoded leisure table data to examine 
differences between groups. 
 
Similar to one of the scoring methods used in the Children’s Assessment of 
Participation and Enjoyment (CAPE) described by Law et al. (2006), the absolute 
number of activities reported (regardless of frequency of participation) was tallied as a 
measure of participation “diversity”.  While information about activity diversity was not 
essential for estimating noise exposure, it provided another perspective and point of 
comparison of the leisure-behaviour profiles for the HI and NH groups.  The χ2 testing 
was again used to look for a difference in diversity scores between the HI and NH 
groups.  IBM SPSS Statistics, version 22, was used for statistical analyses.  The 
standard criterion for statistical significance for all tests was set at α = 0.05. 
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Estimating whole-of-life exposure 
Whole-of-life noise exposure was calculated for each participant, based on activity 
frequency and duration for leisure table items, music listening, occupational, and any 
other reported loud-noise exposure (Williams, 2008).  For each activity, the sound 
exposure in Pascal squared hours (Pa2 h) was calculated, based on (a) an estimated 
average sound level (LAeq) for the reported activity, (b) the participant's average number 
of hours of exposure per week or month, and (c) the total number of years of exposure.  
Where the simpler leisure activity table format was used (i.e., for NH adolescents) 
average activity durations derived from NAL’s Non-Occupational Incidents, Situations 
and Events (NOISE) database were substituted.  The NOISE database is a 
comprehensive catalogue of objective dosimetry measures obtained in a wide range of 
real-life environments (Beach et al., 2013a).  In 16 (10%) cases, where the simpler 
leisure table format was used, participation frequency was reported but the total number 
of years of participation was omitted.  Whole-of-life exposure estimates for these 
participants were not calculated. 
 
The estimated LAeqs of PSPs used in the exposure calculations were based on previously 
published data (Williams, 2005).  Estimated LAeqs for other activities came from the 
NOISE database (see above).  If PHP use during the activity was reported by the 
participant, a systematic reduction in the estimated noise exposure level was made.  It 
was assumed that on average PHP use would reduce exposure by 10 dB.  If the 
participant reported consistent use of PHPs the exposure (in Pa2 h) was reduced by a 
factor of 10.  If reported frequency of use was “sometimes” it was assumed that PHPs 
were only used half the time and the reduction was adjusted accordingly.  Finally, 
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estimated exposures from all activities were summed.  This total represents the 
individual estimated whole-of-life exposure for the purposes of this analysis. 
 
An “acceptable” whole-of-life exposure criterion for age was calculated (in Pa2h) by 
multiplying life years (age) by 222.2 Pa2h.  This was chosen on the basis that 222.2 Pa2h 
in a single life-year represents the defined action level, or agreed acceptable exposure 
standard (85 dB for 8 working hours, or 1.01 Pa2h), for continuous workplace noise in 
many workplace health and safety jurisdictions around the world (Williams, 2008; 
Williams et al., 2015).  Because estimation on the basis of reported noise exposure 
history will always be approximate, results are reported rounded to the nearest 5 Pa2h.  
Participant age and estimated whole-of-life noise exposure for the HI and NH groups 
were not normally distributed and appropriate statistical tests were applied. 
 
RESULTS 
Overall, the research hypothesis that “leisure participation would be lower for young 
people with HI and hence whole-of-life exposure would be lower” was confirmed for 
the young adults on measures of participation frequency and diversity.  It was not, 
however, supported for the adolescents. 
 
Frequency of participation 
Frequency of participation was compared using the χ2 test.  Participation once, or more 
than once, per month was regarded as “frequent” involvement.  For adolescents, the 
common leisure table items and PSP use were included.  Two pairs of related items with 
low participation rates were merged (“do motor sports”/“watch motor sports” and 
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“attend one day outdoor festival”/“attend multi-day outdoor festival”).  In total, 19 
activities were compared.  Figure 4.2 shows the proportion of adolescents reporting 
frequent participation by activity.  Activities where frequency differed significantly 
overall for HI versus NH groups (according to cross-tabulation across four response 
categories) are indicated with an asterix (*).  For two activities, “dance party/school 
dance” and “attend outdoor music festival”, a higher proportion of the adolescent NH 
group reported frequent participation.  Conversely, for three activities, “play in 
orchestra”, “sing in choir”, and “use power tools”, a higher proportion of the adolescent 
HI group participated frequently.  However, even where statistically significant, the 
differences in real terms were not clinically significant. 
 
 
Figure 4.2: Frequent participation (once, or more than once, per month). * p ≤ 0.05. 
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For young adults, participation frequency was compared for a total of 18 items (leisure 
table plus music listening and nightclub attendance).  As illustrated in Figure 4.3, 
statistically significant differences were observed for eight items in this age group.  In 
seven out of eight cases, the NH group reported higher participation.  The differences 
for two items, “nightclub” and “pub/club” were particularly marked, with the NH group 
being twice as likely as the HI group to report attending nightclubs frequently. 
 
 
Figure 4.3: Frequent participation (≥ once/per month). * p ≤ 0.05. 
 
Activity diversity 
As noted previously, the total number of activities with a participation frequency > 
“never” was tallied for each participant to compute a diversity score.  The activities 
were those shown in Figures 4.2 and 4.3, apart from personal music-listening items 
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(PSP and stereo use) which were not counted.  The diversity scores were then collapsed 
into five and four categories for adolescents and young adults, respectively, as 
illustrated in Figures 4.4 and 4.5.  The χ2 test was used to compare the collapsed activity 
count for the HI and NH groups.  For adolescents, there was no statistically significant 
difference in activity diversity between groups.  For young adults, a statistically 
significant difference was observed.  Of particular note, 21.6% of the HI group reported 
participation in four or fewer activities, compared with only 7.5% of the NH group. 
 
 
Figure 4.4: Activity diversity, adolescents. 
Count of items with reported participation more than “never”. 
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Figure 4.5: Activity diversity, young adults. 
Count of items with reported participation more than “never”. 
 
 
Whole-of-life noise exposure 
The average whole-of-life exposure for each group was calculated and the Kolmogorov-
Smirnov test showed that whole-of-life exposure was not normally distributed.  
Therefore, an independent samples Mann-Whitney U test was used to compare the 
median exposures of the HI and NH groups.  For the adolescents, the approximate 
median exposure for the HI group (540 Pa2h) was higher than for the NH group (210 
Pa2h).  For the young adults the reverse was observed, with the HI group median (710 
Pa2h) lower than the NH group median (1,615 Pa2h).  A statistically significant 
difference between the group medians was observed for both age cohorts: adolescents,  
p = 0.004, and young adults, p = 0.001.  For adolescents, four (8.6%) of the HI 
participants and three (1.8%) of the NH participants had an estimated exposure above 
the “acceptable” exposure criterion for their age.  As noted previously, for 10% of the 
adolescent NH group (16/165 cases) an exposure estimate was not calculated due to 
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missing data.  In five of these missing data cases, no regular participation in high-noise 
activities was reported.  However, the remaining 11 participants reported some regular 
participation in high-noise activities.  If this participation were to translate into a whole-
of-life exposure above the acceptable criterion, then the proportion for the NH group 
above criterion would increase to ~ 8%. 
 
For the young adults, 8.9% (7) of the HI participants and 24.4% (32) of the NH 
participants were above the acceptable criterion.  The highest estimated whole-of-life 
exposure for a participant in the HI group was 13,910 Pa2h.  This was well below the 
two most extreme cases in the NH group which were 64,885 Pa2h and 33,055 Pa2h.  A 
plot of the estimated whole-of-life noise exposure for each participant by age and the 
acceptable whole-of-life exposure criterion by age (connected triangle symbols) is 
provided in Figure 4.6. 
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Figure 4.6: Estimated whole-of-life noise exposure, HI vs. NH groups. 
Notes: (1) “Acceptable” life exposure = 222.2 Pa2h x number of life years.  Any contribution of 
hearing aid amplification was not included in this estimation. 
(2) Two extreme outliers have been omitted from this figure, both from the NH group: (a) 24.8 
years, exposure 64,885 Pa2h and (b) 24.5 years, exposure 33,055 Pa2h. 
 
DISCUSSION 
It was hypothesised that the leisure participation of young people in the HI group would 
be lower than the NH group, and hence their “whole-of-life” noise exposure would also 
be lower. This hypothesis was confirmed for the young adults, but not for the 
adolescents.  From the point of view of hearing health, the lower relative whole-of-life 
exposure of the young adults with hearing impairment may be seen as a positive 
finding.  However, it is possible that the lower frequency and diversity of participation 
observed for the HI young adults suggest relative leisure activity restriction (compared 
with the NH peer-group).  This may, in turn, have negative QoL implications. 
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The observed similarity in leisure profiles of the adolescent HI and NH groups may 
relate to the fact that time is often more structured at this life stage.  In general, 
adolescents’ leisure activities are constrained by the time commitment of schooling, 
financial resources and parent attitudes to risk (Garton & Pratt, 1991; Forsyth & Jarvis, 
2002; Jessup et al., 2010; Niehues et al., 2013).  Many adolescents also regularly take 
part in organised sports (ABS, 2012).  Furthermore, most adolescents depend on adults 
to facilitate participation, particularly when disability is a factor (Coster et al., 2012).  
Previous research has shown that the leisure participation of young people with physical 
disabilities declines as they move through adolescence to early adulthood (King et al., 
2007).  The lower frequency and diversity of participation observed for the young adult 
HI group relative to the NH group, may suggest a similar trend in the case of hearing 
impairment.  In this context, it is interesting to note that young people with hearing 
impairment are reported to experience difficulties surrounding the school-to-work 
transition, which include environmental and attitudinal barriers to participation (Punch 
et al., 2004). 
 
On average, the lower reported participation for the young adult HI group translated into 
lower whole-of-life noise exposure compared with the NH group, supporting the second 
part of the research hypothesis.  A significant proportion of the young adult NH group 
(24%) had an estimated exposure above the acceptable exposure criterion for their age.  
This finding is comparable with earlier results for a sample of 18- to 24-year-olds (n = 
1000) reported by Beach et al. (2013b), where 17.8% of participants were estimated as 
having whole-of-life exposures above the same criterion applied in the current study.  
The Beach et al. study probed only 5 leisure activities, as opposed to the 18 activities in 
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the current study.  However, the general convergence of risk estimates between the 
current study and those of Beach et al. (2013b) provides some assurance of the validity 
of the participation measure used.  In the current study, mean and median exposures for 
the young adults (HI and NH groups) were higher than for the adolescent groups, as 
would logically be expected, which also reflects positively on the validity of the 
participation measure used. 
 
For the HI group, it is interesting to note that the proportion of cases above the 
“acceptable” noise exposure criterion was nearly identical for the adolescents and young 
adults (8.6% and 8.9%, respectively), whereas for the NH group the proportion above 
criterion increased from 1.8% for adolescents to  24.2% for young adults.  That is, for 
the NH group, participation in high-noise activities was substantially higher for the 
young adults than their adolescent counterparts, a difference which was not evident for 
the HI group.  In addressing the current research hypothesis, the analysis necessarily 
focused on quantitative data and group averages rather than individual data.  The current 
results suggest a need for a more detailed investigation of the ways in which hearing 
impairment acts as a barrier to leisure participation, particularly during the transition 
from adolescence to adult life. 
 
The excessive whole-of-life exposures of a significant proportion of participants suggest 
that public health messages about the risks of noise injury continue to go unheeded by 
many individuals.  It was perhaps surprising that a number of individuals with hearing 
impairment were among the highly exposed cases, despite the fact that this group has 
regular and ongoing contact with hearing health professionals.  An uncomplicated 
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procedure for estimating the risk of NIPTS for individual clients with hearing 
impairment, based on readily available clinical information (e.g., HTLs, hearing aid 
characteristics, leisure activity and work profiles) would be useful in providing more 
objective and personalised risk-management advice to this group.  The participation 
measure used in this study could be usefully incorporated into such a procedure.  In this 
context, systematic data pertaining to the output of modern hearing aids in dynamic, 
high-noise environments would be an important adjunct to the current findings, and 
these data are required for the development of a personalised risk estimate procedure for 
hearing aid wearers. 
 
Hearing loss prevention campaigns may be more successful if greater emphasis was 
placed on reducing hazardous noise in leisure environments, rather than simply 
informing the individual about taking personal protective measures.  In recent years the 
banning of tobacco smoking has been successfully implemented in eating and 
entertainment venues in many developed countries.  This demonstrates that with 
perseverance social attitudes and behaviours can be shifted, resulting in very significant 
public health outcomes.  As well as moderating the risk of leisure-noise-related hearing 
loss for attendees and employees, the reduction of noise in social venues would provide 
a more inclusive social environment for patrons with hearing impairment. 
 
Limitations of the survey 
When interpreting the results of this analysis, certain limitations of the sample, survey 
and methods should be considered.  The participation rate was relatively low (only 
~14% for the HI group).  Furthermore, although not a convenience sample, both the HI 
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and NH group showed a bias towards greater socio-economic advantage (i.e., based on a 
statistical indicator of socio-economic status ranking).  The measurement window for 
the current study was whole-of-life and recall bias may, therefore, have affected some 
results.  The test-retest reliability of the participation measure is currently unknown.  As 
noted, the method of calculating exposure was a first-order approximation, based on 
data from the industrial context (ISO, 2013) and assuming non-impaired ears prior to 
exposure.  It has been suggested that the risks relating to leisure noise may be different 
to those of occupational noise because of the differing physical characteristics of the 
sound involved (Turunen-Rise et al., 1991).  However, as the current research questions 
were addressed in group difference rather than absolute terms, the conclusions will be 
relevant even though the measure of exposure is an approximation. 
 
CONCLUSIONS 
At the time of writing, this is the first published study to estimate the whole-of-life 
noise exposure of young people with hearing impairment, using a measure of 
participation in everyday activities.  The leisure profiles and whole-of-life noise 
exposure of adolescents with HI and NH were similar.  For young adults, frequency of 
involvement in some activities was significantly lower for the HI group.  Leisure 
activity diversity and whole-of-life exposure were also lower for the young adult HI 
group.  The fact that almost a quarter of young adults with normal hearing reported 
noise exposure in excess of the noise-risk criterion is of concern.  The more 
conservative behaviour reported by young adults with hearing impairment may be 
regarded as a positive finding with respect to noise risk; however, it could also signify 
disability-related social disadvantage.  Targeting noise sources, rather than individual 
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behaviours, may be a more effective approach to hearing loss prevention and would 
promote more accessible leisure environments for people with impaired and non-
impaired hearing. 
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CHAPTER 5 
HEARING THRESHOLD LEVEL (HTL) SHIFT 
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Definitions 
1. In this article, hearing loss refers to the condition in which individual hearing 
threshold levels (HTLs) differ from a recognised (normative population) standard, 
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while HTL shift refers to deviation from an individual’s specified baseline 
audiogram. 
2. Leisure noise refers to sounds at or above 80 dB (A), encountered during 
recreational activities (e.g., music in nightclubs or exercise classes, gunshots, racing 
vehicle noise) or during domestic (non-work) activities (e.g., using power tools). 
3. ‘HF’ (high frequency) shift refers to deterioration in 2000 and/or 4000 Hz HTLs. 
4. Unless stated otherwise, ‘dB’ refers to dB HL. 
 
Parts of this article were included in a poster presentation at the World Congress of 
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ABSTRACT 
Objectives: Data obtained from the clinical records of selected 11 – 35 year olds with 
pre-adult onset hearing impairment were analysed with two primary aims: (1) to 
determine the incidence of hearing threshold level (HTL) shift in this cohort and, (2) to 
examine the relationship between HTL shift, whole-of-life noise exposure and other 
factors. 
Design: Cross-sectional cohort study.  Retrospective HTL + survey data for a sample of 
237 young Australians receiving hearing (re)habilitation services were obtained.  From 
these data, two subsets, (A) n = 127 and (B) n = 79, were analysed.  Participants with 
risk factors for progressive hearing loss (other than noise exposure) were excluded from 
both subsets.  Subset (A) additionally excluded cochlear implant (CI) recipients, and 
subset (B) excluded cases with diagnosis of hearing loss after age 5 years.  Using subset 
(A) data, the differences between final (recent) and specified baseline (initial) HTLs at 
250, 500, 1000, 2000, and 4000 Hz were calculated and three criteria for HTL shift 
were applied.  Correlations between reported noise exposure and HTL shift were 
calculated (Mann-Whitney U test).  Using subset (B) data, relationships between high 
frequency (HF) HTL shift and exposure, and other personal and extrinsic factors were 
examined (Cox Regression model).  Survival analyses (Kaplan-Meier) were performed 
to reveal the temporal pattern of HF shift.  The magnitude of HF shifts at 5, 10 and 15 
years post-initial audiogram (i.e., specified baseline) were also calculated. 
Results: For subset (A), HTL shift (≥ 15 dB any frequency, and/or ≥ 10 dB at two 
adjacent frequencies) was observed in 46.5% of cases examined.  HF shift (≥ 15 dB at 
2000 and/or 4000 Hz; one or both ears) was observed in 33.1% of cases.  There was no 
relationship between HTL shift and reported whole-of-life exposure.  For subset (B), no 
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relationship was found between HF shift and noise exposure, nor nine out of 10 
personal or extrinsic covariates tested.  HF shift was significantly associated with HTL 
≥ 70 dB at 2000 and/or 4000 Hz at initial audiogram.  Survival analysis also illustrated 
that HF shift was more frequent, and occurred earlier, when HF hearing loss was ≥ 70 
dB at initial audiogram.  Median HF shifts at 15 years after initial audiogram were in 
the magnitude of 5 − 10 dB.  At the 90th percentile shifts reached 25 – 30 dB. 
Conclusions: HTL shift was observed in almost 50% of cases without predisposing 
factors for progressive hearing loss.  The magnitude of HF shift increased gradually 
over time.  The interpretation of this finding is restrained by the small spread of whole-
of-life noise exposures, within a relatively conservative range.  Nevertheless, this is the 
first direct examination of the relationship between HTL shift and noise exposure in 
young people with pre-adult hearing impairment. 
 
INTRODUCTION 
Hearing impairment (HI) is one of the most common disabling conditions 
(Borchgrevink, 2003).  At the time of writing, the Australian Federal Government, via 
the statutory authority Australian Hearing® (AH), was the sole provider of fully-
subsidised hearing (re)habilitation services to its citizens from birth to 26 years of age.  
As of December 2014, 21,968 Australians under 26 years of age were receiving AH 
services (Australian Hearing, 2015). 
 
Childhood hearing loss has the potential to impair language development, literacy, 
educational, and vocational opportunities (Access Economics, 2006).  Adjusting to the 
diagnosis of permanent hearing loss is challenging for parents of affected children 
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(Watson et al., 1990), and prognostic information may be valued during this adjustment 
process.  To date, there has been little scientific evidence from which to inform parents, 
particularly when the aetiology of the hearing loss cannot be medically determined. 
 
Information counselling may consequently focus on the configuration of the child’s 
preliminary audiogram.  Unfortunately, however, HI is not always a stable condition.  
HTL shifts were scientifically observed as early as the first decade of the 20th century 
(Barr & Wedenberg, 1965) and hearing deterioration was described in a number of 
subsequent publications (Macrae, 1968; Reilly et al., 1981; Newton & Rowson, 1988; 
Parving, 1988; Levi et al., 1993; Brookhouser et al., 1994; Berrettini et al., 1999; 
Pittman & Stelmachowicz, 2003).  Hearing deterioration can be very significant, both 
physically and psychologically (Meyerhoff et al., 1994) and can add to parental/family 
stress.  It is important that progressive loss is quickly identified so that any possibilities 
for medical treatment can be investigated (Meyerhoff et al., 1994).  If unremediated, 
HTL shift can increase hearing disability – by degrading communication fluency, social 
interaction and educational progress.  HTL shift, therefore, places a burden on 
(re)habilitation management programs, as changes to devices and/or educational and 
communication strategies must be made, in order to optimize outcomes.  The clinical 
significance of progressive hearing loss in childhood and adolescence is acknowledged 
in current Australian and US paediatric audiology protocols (e.g., King, 2010; AAA, 
2013) and the clinical monitoring of HTLs is emphasised. 
 
Estimates of the incidence of progressive sensorineural (SN) hearing loss in young 
people are limited, and vary in the previous literature, according to:  (1) the population 
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of interest (e.g., age, aetiology), (2) the HTL shift considered to be a ‘significant’ 
deterioration (criterion) and, (3) the observation period (time between the initial and 
most recent audiograms) (Newton & Rowson, 1988).  A list of relevant research is 
provided in Appendix 6.  A wide range in the estimated incidence has been reported: 2 – 
33% (Meyerhoff et al., 1994), 4 – 30% (Berrettini et al., 1999).  Based on a review of 
studies examining the likelihood and rate of deterioration in HTLs based on aetiology, 
Meyerhoff et al. (1994) also concluded that 25 − 50% of children born with genetic, SN 
hearing loss will experience HTL shift (given sufficient residual hearing at initial 
assessment for HTL shift to be measured). 
 
Brookhouser (2002) stated that audiological management decisions should ideally 
consider any predictable pattern of HTL behaviour.  In practice, the possibility of future 
HTL shift is more likely to be emphasised where a specific risk factor for progression of 
hearing loss is medically understood.  Aetiologies associated with progressive SN 
hearing loss include Alports, Ushers, and Waardenburgs syndromes, and various 
presentations of inner ear dysgenesis, e.g., Mondini dysplasia (Meyerhoff et al., 1994) 
and ‘enlarged vestibular aqueduct syndrome’ (EVAS) (Madden et al., 2003; Oyler, 
2007).  However, progressive hearing loss also occurs in cases of non-syndromic 
aetiology (Berrettini et al., 1999), and an Israeli study of 92 children with bilateral SN 
hearing loss found no relationship between aetiology and hearing deterioration (Levi et 
al., 1993). 
 
Descriptions of progressive hearing loss in the literature are relatively few, and typically 
involve case reports of families with hereditary SN hearing loss (Newton & Rowson, 
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1988).  Barr and Wedenberg (1965) commented that progressive hearing loss was 
sometimes characterised by irregularity, where for long periods the HTLs would be 
stable, but then suddenly deteriorate.  Deterioration could be unilateral or bilateral.  
Newton and Rowson (1988) also observed that deterioration can be rapid or, conversely, 
so gradual that HTL variation may be attributed to test-retest error, particularly if only 
consecutive audiograms were examined.  It has also been observed that HTL shifts tend 
to occur simultaneously in the same direction at adjacent audiometric frequencies, rather 
than at individual frequencies (Macrae, 1988), while Newton and Rowson (1988), 
suggested that patterns of progression do not occur in a uniform manner across the 
frequency range.  Newton and Rowson also described a tendency for deterioration to be 
greater if initial hearing loss is milder in degree.  Berretini et al. (1999) emphasised that 
hearing deterioration can occur at any age.  In some cases HTLs may also fluctuate (i.e., 
deteriorate and then recover) over time (Brookhouser, 2002). 
 
Excessive hearing aid amplification (Macrae, 1995) and/or the use of hearing aids in 
high-noise environments (Dolan & Maurer, 1996), have been implicated in the 
occurrence of HTL shift, particularly in children with hearing impairment.  Ching et al. 
(2013) conducted a modelling study, in which the asymptotic threshold shifts (ATS) 
associated with contemporary hearing aid technology (including automatic gain control) 
were predicted.  It was concluded that individuals with more severe hearing loss will be 
affected by amplification-related HTL shift, even when non-linear hearing aids are fitted 
according to recognised prescription procedures, and particularly if hearing aids are 
used in loud environments. 
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Overall, there is a dearth of contemporary scientific evidence concerning progressive 
hearing loss in young people.  The need for more research, to ascertain the incidence of 
progressive hearing loss in larger populations of children and to determine the 
associated factors, was highlighted more than 20 years ago (Levi et al., 1993).  There 
have, however, been few studies of this kind since that time (see Appendix 6). 
 
Leisure-noise exposure has also been associated with pure tone hearing loss and there is 
an extensive body of relevant literature (Carter et al., 2014).  However, this literature, 
refers exclusively to young people with “normal” (non-impaired) hearing pre-exposure 
and, overall, the risk has tended to be overstated (Schlauch & Carney, 2012; Carter et 
al., 2014; Williams et al., 2015).  There is, however, evidence that a proportion of young 
people are exposed to sufficient noise for HTL shift to feasibly result (e.g., Tambs et al., 
2003; Zhao et al., 2010; Beach et al., 2013).  Prior to the current investigation, there has 
been no commentary on the leisure-noise exposure of young people with early hearing 
impairment, although there is a clinical perception that it may be a contributing factor in 
HTL shift.  As a duty of care, clinicians are encouraged to advise that hearing aid 
wearers “avoid prolonged exposure to high noise levels” (Dillon, 2012, p. 333). 
 
This study aimed to address these broad gaps in knowledge.  There were two main 
research questions: 
1. In the absence of specific risk factors for progressive SN hearing loss, what 
proportion of young people with HI experience HTL shift?  
2. Is there is a relationship between whole-of-life noise exposure and HTL shift, 
whereby greater exposure is associated with increased HTL shift? 
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MATERIALS AND METHODS 
HTL data were collected during the latter part of a two-phase study of the hearing 
health, attitudes and behaviour of young Australians, initiated in the context of 
community concern that leisure-noise exposure is causing pure tone HTL shift in an 
increasing number of young people.  The details of the first study phase (in which most 
participants had “normal” hearing) have been described previously (Carter, 2011; 
Williams et al., 2014; Carter, et al. 2015; Williams et al., 2015; Carter et al., 2016a). 
 
Ethics 
Protocols were approved by the Australian Hearing Human Research Ethics Committee 
(AHHREC) and the Human Research Ethics Committee, University of Sydney.  
Participation was voluntary and there were no incentives for taking part. 
 
Participant recruitment 
The current study involved 268 adolescents and young adults with pre-adult onset HI.  
Most participants were recruited via AH, however, hearing-related consumer groups and 
some private audiology practices also promoted participation.  Personalised invitation 
packages (including survey forms) were distributed to potential participants during AH 
appointments at 15 New South Wales (NSW) hearing centres.  Age was the only 
specific inclusion criterion, however, AH audiologists occasionally withheld invitations 
(e.g., in cases of severe client disability, health or family issues).  Approximately 80% 
of participants lived in greater metropolitan Sydney, and the remainder in 
regional/country NSW.  Hearing loss was SN in nearly all cases.  As shown in Table 
5.1, the degree of hearing losses varied.  Most participants were diagnosed with HI 
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before school age, and almost all by adolescence.  Most were fitted with, and wore, 
bilateral hearing aids. 
 
Table 5.1: Participant information. 
Total survey responses: n = 268  
>10 < 36 years    
A) Incidence analysis subset: 
B) Survival analysis subset: 
n = 127 
n =  79  
 
Mean participant age (A): 
                                   (B): 
19.4 
18.9 
 
Participant gender      (A): 
                                   (B): 
Female:   84 (66%) 
Female:   50 (63%) 
Male:   43 (34%) 
Male:   29 (37%) 
Degree of pure tone hearing loss (better ear 4 FAHL500, 1000, 2000, 4000 Hz) 
Mild (21−39 dB) Moderate (40−59 dB) Severe (60−89 dB) Profound (90+ dB) 
A)      37 (29.1%) 
B)      15 (18.9%) 
   48 (37.8%) 
   31 (39.2%) 
   25 (19.7%) 
   22 (27.8%) 
   2 (1.6%) 
   8 (10.1%) 
Reported device use 
Hearing aids only  Cochlear implant Devices no longer used 
A)     121 (95.0%) 
B)        67 (84.8%) 
    0 
  12 (15.2%) 
   4 (3.1%) 
   0 
 
 
Note: Two participants used assistive listening device only. 
 
Data collection 
Detailed clinical information (e.g., audiograms, hearing aid data and case histories) 
were collected from the participants’ AH clinical files by research audiologists and/or 
were provided by subsequent hearing service providers.  As noted, national protocols 
are followed by AH, therefore it is assumed that HTLs were measured in accordance 
with relevant standards for calibration and test procedure. 
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HTL data 
In most cases, pure tone audiometry (PTA) records from age at hearing loss diagnosis to 
age at study participation (or age of loss of eligibility for AH if prior to participation) 
were available.  As AH paediatric protocols prescribe regular monitoring of HTLs, the 
number of audiograms per participant record was often large.  To constrain the scale of 
data, audiograms at specific target ages were collected.  For 11 – 17 year olds, target 
audiogram ages were; 5, 7, 8, 9, 10 and 15 years, for 18 – 25 year olds; 5, 8, 9, 10, 15 
and 20 years and, for 26 – 35 year olds; 5, 10, 15, 20, 25 and 30 years.  The audiogram 
closest to the target age (and without indication of test unreliability) was copied.  In 
most cases a serial (‘continuous’) audiogram was available for the audiometric 
frequencies 250, 500, 1000, 2000, 3000, and 4000 Hz and this record was also obtained.  
HTL values were entered into a purpose-designed database and de-identified 
audiograms were stored electronically for quality assurance.  For participants above the 
eligibility age for AH services, a checklist requesting audiometric information (if 
available) was sent to the participant/their hearing services provider.  In a few cases, 
data for analysis were a composite of AH and post-AH assessments. 
 
The target age for initial audiogram was 5 years.  As audiometry is usually truncated in 
younger children (re; developmental stage/concentration span), the initial HTL data 
were often limited to 250, 500, 1000, 2000, and 4000 Hz.  Reliable audiograms were not 
always available at the exact target age, for reasons including; unreliable responses or 
middle ear dysfunction at the target age, or diagnosis later than the target age.  Of 79 
cases with diagnosis by age 5 years, 65 (82.3%) had a reliable audiogram recorded by 
age 5 years, eight cases by age 6 years, and the remaining seven cases by age 7 years. 
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Survey data 
The development of participant surveys used in this study has been described previously 
(Carter et al., 2016a) and surveys are publicly available (Carter et al., 2016a; Carter et 
al., 2016b).  The surveys included a large number of items pertaining to hearing health, 
leisure behaviour and attitudes towards noise exposure.  Demographic and participant 
health items for under 18-year-olds were included in a complementary parent survey.  A 
key element of the participant survey was a concise, but detailed, measure of lifetime 
activity participation (focused on noisy activities), plus additional questions relating to 
music listening habits (including personal stereo player use).  Surveys were returned by 
253 individuals with HI in the target age range.  In several cases, however, incomplete 
responses prevented estimation of the individual’s whole-of-life noise exposure. 
 
Data analysis 
1) Data selection 
HTL + comprehensive survey data were provided in 237 cases.  From these, two subsets 
were analysed, with the primary exclusion criterion of presence of risk factor(s) for 
progressive hearing loss (other than noise exposure), as noted previously.  In particular, 
data for individuals with structural abnormalities of the inner ear, other conditions 
known to be associated with progressive SN hearing loss, and fluctuating/recurrent 
conductive hearing loss were excluded.  Participant data were excluded when one, or 
both, ears had been subject to such conditions.  All exclusion criteria are listed in Table 
5.2.  The choice of exclusion criteria was based on a review of literature pertaining to 
causes of childhood hearing loss and the first author’s relevant clinical expertise.  It is 
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acknowledged that the risk factors adopted may not be exhaustive, and there may be 
other factors yet to be scientifically identified. 
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Table 5.2: Criteria for inclusion/exclusion of audiometric test results in analysis. 
Aetiology / Factor 
 
n = 
(% of 234)* 
Subset 
(A) 
Subset 
(B) 
Unknown/inconclusive  99 (42) √ √ 
Prematurity/birth complications (without consequent chronic conditions) 14 (6) √ √ 
Infection in utero  2 (1) √ √ 
Genetic (medical report and/or strong family history) 34 (14.5) √ √ 
Meningitis 5 (2) √ √ 
Significant disability/health condition (e.g., cerebral palsy, epilepsy, cancer, developmental 
disability, cranial abnormality, tracheostomy, cystanosis, brain injury, multiple conditions)  
28 (12) X X 
Syndrome/genetic disorder (e.g., Ushers, CHARGE, Alports, Down, Pierre Robon, Turners, 
Beckwith Weidermann, achondroplasia, tuberous sclerosis, trisomy 3) 
14 (6) X X 
Chronic otological disorders (e.g., infection/discharge, tympanic membrane perforation, 
cholesteatoma, microtia, mastoiditis, total cochlear loss)  
14 (6) X X 
Auditory neuropathy (no other conditions) 2 (1) X X 
Cochlear/vestibular abnormality (e.g., ‘fragile’ cochlea, Meniere’s disease, enlarged vestibular 
aqueduct syndrome, sudden onset hearing loss, vertigo, Mondini dysplasia)  
14 (6) X X 
Frequent, early middle ear pathology later resolved; permanent conductive loss without otological 
symptoms 
2 (1) X X 
Other  (e.g., palate abnormality, type 1 diabetes+connexion 26, suspected “stiff” ossicles, 
hypercholesteromolaemia) 
3 (1.5) X X 
Hearing loss diagnosed before age 6 years 162 (69) √ √ 
Hearing loss diagnosed at, or after, age 6 years 72 (31) √ X 
Cochlear implant recipient 36 (15) X √ † 
Notes: √ = data included; X = data not included. 
* Cases in which both survey and sufficient retrospective HTL data were provided. 
† Shifts relating to cochlear implantation were not regarded as ‘events’ in survival analysis.
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Data for individuals with multiple disabilities and/or severe health problems were 
excluded from all analyses.  Data were also excluded where whole-of-life noise 
exposure could not be estimated (i.e., missing or incomplete survey), and in cases where 
all HTL data were at, or beyond, measurable limits at the initial audiogram.  In several 
instances HTLs in one ear only exceeded measurable limits, in which case data for the 
ear with measurable hearing were still analysed.  As noted, CI recipients were excluded 
from subset (A) data analyses (which focused on differences between initial and final 
audiograms) on the basis that implantation surgery accounted for at least some of the 
shift observed during (or prior to) the observation period.  Subset (B) excluded 
participants with a diagnosis of hearing loss after age 5 years.  Specific analyses of 
subset (B) data included survival analysis (explained below), and determination of the 
magnitude of shift over time. 
 
2) Definitions of HTL shift 
Various definitions of significant HTL shift have been reported in the literature.   
For these analyses three criteria were applied: 
a) A downward shift (i.e., increase) in HTL of ≥ 10 dB at any of the adjacent air 
conduction frequency pairs: 250/500 Hz, 500/1000 Hz, 1000/2000 Hz, and 
2000/4000 Hz. 
b) A downward shift in HTL of ≥ 15 dB at one or more of the following air 
conduction frequencies: 250Hz, 500 Hz, 1000 Hz, 2000 Hz or 4000 Hz. 
c)  A downward shift of ≥ 15 dB at 2000 and/or 4000 Hz in either or both ears. 
The first two criteria reflect those used in AH protocols (Australian Hearing, 2000) and 
are based on the extensive work of Macrae (e.g., 1988, 1989).  Importantly, this work 
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considered the need to control for spurious identification of HTL shift.  The minimum 
HTL shift that must be observed, in order to be confident that a variation is not simply a 
function of inherent behavioural test-retest reliability, was determined (i.e., for a 5 dB 
step size; 10, 15, or 20 dB depending on frequency).  The third criterion was chosen on 
the basis that HF HTL shift may be more significant in terms of its effects on speech 
intelligibility (Parving, 1988), and may be more closely associated with noise exposure.  
As a point of comparison, standards for occupational noise management recognise a 
downward shift of ≥ 10 dB for the frequencies 3000 and 4000 Hz, ≥ 15 dB for 500, 
1000, 1500, 2000, and 6000 Hz, and ≥ 20 dB at 8000 Hz (re; Waugh & Macrae, 1980). 
 
3) Estimation of whole-of-life noise exposures 
Leisure, music listening, and work data were used to calculate a whole-of-life exposure 
in Pa2 h (Pascal squared hours) according to a method described by Williams (2008).  
This method adapts techniques described in ISO 1999 (ISO, 2013). 
 
An ‘acceptable’ whole-of-life exposure criterion for age, calculated (in Pa2h) by 
multiplying life years (age) by 222.2 Pa2h, and used in previous studies (e.g., Beach et 
al. 2013, Carter et al., 2016a), was adopted.  For a single life year, 222.2 Pa2h represents 
the defined action level, or agreed acceptable exposure standard (85 dB for 8 working 
hours, or 1.01 Pa2h), for continuous workplace noise in many workplace health and 
safety jurisdictions around the world (Williams, 2008; Williams, et al., 2015).  It is 
important to note that these standards assume no exposure to noise (i.e., leisure or non-
work sources > 75 dB) in the remaining 16 hours per day, and were based on data for 
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adult populations.  At the time of writing, no specific model for acceptable noise 
exposure in children or adolescents was available. 
 
Statistical techniques 
For subset (A), initial HTLs - final HTLs (at 250, 500, 1000, 2000, and 4000 Hz) were 
calculated and the three criteria for HTL shift were applied.  Correlations between 
whole-of-life noise exposure and HTL shift were tested (Mann-Whitney U test).  For 
subset (B), in which age at diagnosis/initial audiogram was fairly homogeneous, 
relationships between HF shift and other personal and extrinsic factors were examined 
using Chi-squared tests and Cox’s Regression model. 
 
Selection of factors 
The factors used in the Chi-squared tests were; gender, HTL at 2000/4000 Hz at initial 
audiogram, hearing aid volume and hours of daily use, whole-of-life noise exposure and 
music listening behaviour.  These were selected with particular respect to, (1) 
community concern about music-related noise exposure and (2) modelling studies 
demonstrating overamplification by hearing aids (e.g., Humes & Jesteadt, 1991; 
Macrae, 1991a, 1991b, 1992, 1994; Ching et al., 2013).  The cut-off points for the first 
six factors (apart from gender) reflected the likely noise risk associated with each factor, 
based on the available evidence.  For instance, the HF HTL category division at 70 dB 
HL approximately represents the minimum hearing loss at which overamplification by 
hearing aids is predicted, and a preferred volume control setting > 3 represents use 
above the prescribed settings.  Hearing aid use in excess of 8 hours per day does not 
necessarily introduce noise risk, however, the cut-off at 8 hours reflects the acceptable 
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duration for an 85 dB noise level in occupational standards.  The cut-off points for the 
four items pertaining to music listening were influenced by the need for meaningful 
numbers in the ‘frequent’ category. 
 
Kaplan-Meier survival analyses were performed to investigate the temporal occurrence 
of HF shift among cases with diagnosis by age 5 years.  Survival analysis is a statistical 
technique used for analysing the time to one or more ‘events’.  In most examples of its 
use, it is applied to determine time to death, or time to disease diagnosis or disease 
recurrence (Collett, 1994).  In the current analysis, the ‘event’ = HF shift, according to 
criterion (c).  The age at occurrence of the first ‘event’ was determined by first plotting 
the series of HTLs at 2000 and 4000 kHz for the left and right ears for each case, at each 
of the target age points.  Where an event was identified, the continuous audiogram data 
were used (wherever available) to more exactly determine the age at which the event 
occurred.  Where a shift according to the criterion was observed, but subsequently 
recovered (i.e. fluctuation occurred), this was not accepted as a true event for the 
purposes of the survival analysis.  HTL shifts post-CI, similarly, were excluded as 
events.  The magnitude of HTL shifts after specific observation periods were also 
examined. 
 
RESULTS 
Based on the number of invitations delivered to AH, the overall take-up rate was ~14%, 
while the participation rate (i.e., survey return) for those who consented was ~92%.  The 
range in participant age, combined with the range in age at diagnosis, resulted in a 
variety of individual observation periods (i.e., age at final audiogram - age at initial 
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audiogram), from a minimum of three months to a maximum of 29.5 years, for subset 
(A).  The median observation period (initial to final audiogram) was 10.2 years (mean = 
10.9 years).  A bar chart illustrating the observation periods for subset (A) is shown in 
Figure 5.1.  For subset (B), age was distributed as follows: < 18 years = 37 (46.8%), ≥ 
18 years = 42 (53.2%). 
 
Figure 5.1: Observation periods, analysis subset (A). 
HTL shift: final - initial audiogram 
Subset (A): Applying both criterion (a) and criterion (b) HTL shift was observed in 
59/127 cases (46.5%).  Table 5.3 provides a breakdown of the number of cases of shift, 
according to criterion and by test ear.  With respect to HTL shift, no material difference 
between the left and right ears was observed.  Applying criterion (c), HF shift in an 
individual ear was observed in 31 cases (LT 24.4%; RT 24.8%) and, in either ear, in one 
third of cases; 42/127 (33.1%). 
Subset (B): According to criterion (c), HF shift was observed in 39.2% of cases. 
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Table 5.3: Count of HTL shift by ear, according to criterion (a) and (b). Subset (A). 
Shift criterion (a)  ≥ 15 dB at one or more individual frequencies (initial to final audiogram) 
Hz LT 500 LT 1000 LT 2000 LT 4000 RT 500 RT 1000 RT 2000 RT 4000 
Shift 
n = 
11 20 23 20 13 15 20 26 
Shift 
% 
8.7 15.7 18.1 15.7 10.4 12.0 16.0 20.8 
valid 
n = 
127 127 127 127 125 125 125 125 
Shift criterion (b)  ≥ 10 dB at one or more adjacent frequency pairs (initial to final audiogram) 
Hz LT 
250/500 
LT 
500/1000 
LT 
1000/2000 
LT 
2000/4000 
RT 
250/500 
RT 
500/1000 
RT 
1000/2000 
RT  
2000/4000 
Shift 
n = 
14 15 27 23 14 18 20 23 
Shift 
% 
11.1 11.8 21.3 18.1 11.6 14.4 16.0 18.4 
valid 
n = 
127 127 127 127 125 125 125 125 
 
Correlation between HTL shift, noise exposure and other factors 
Subset (A): Only 10/127 (8%) of cases had exposure above the ‘acceptable’ criterion for 
their age.  Very few participants reported any significant work-related noise exposure. 
The distribution of whole-of-life exposure was examined using a one-sample 
Kolmogorov-Smirnov test.  Exposure was not Normally distributed, therefore non-
parametric (Mann-Whitney U) tests were applied.  No correlation between whole-of-life 
noise exposure and occurrence of shift was shown:  Criterion (a) and/or (b) z = -1.489; 
sig. = 0.137; criterion (c) z = -0.974, sig. = 0.330. 
Subset (B): A Cox regression model was applied to test for correlations between HF 
shift (according to criterion (c)) and 10 categorical factors (listed in Table 5.4).  Chi-
squared testing was used to select factors for input to the Cox’s regression analysis, 
adopting an inclusion criterion of p < 0.25.  As illustrated in Table 5.4, five factors met 
the criterion for inclusion. 
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Table 5.4: Chi-squared results by factor. Subset (B).  n = 79. 
Factor Factor 
present 
df Asymp. Sig. 
 (2-sided) 
1. Gender (F= 63.2%;M= 36.7%)   1 0.767 
2. HTL ≥ 70 dB at 2, 4 kHz (initial) 41.8% 1 <0.001 * 
3. 4FAHL ≥ 70 dB either ear (initial) 22.5% 1 0.031 * 
4. High hearing aid volume (> 3) 14.0% 1 0.226 * 
5. Hearing aid use ≥ 8 hours/day 67.0% 1 0.192 * 
6. Life exposure above median 49.4% 1 0.748  
7. Frequent PSP use † 60.8% 1 0.181 * 
8. Play musical instrument † 46.8% 1 0.429 
9. Frequent dance ‡ 12.7% 1 0.262 
10. Frequent music at venues ‡ 15.2% 1 0.852 
* Meets inclusion criterion: p < 0.25 
† Participation ≥ once per week. 
‡ Participation ≥ once per month. 
 
Table 5.5 shows the results of the Cox’s regression analysis.  Only one factor, HTL ≥ 70 
dB at 2000 and/or 4000 Hz at initial audiogram, was found to be significantly associated 
with the occurrence of HF shift. 
 
 
Table 5.5: Cox regression analysis results by factor. 
 df Sig 95% CI 
Lower 
 
Upper 
HTL ≥ 70 dB at 2000, 
4000 Hz  (initial) 
1 0.011 * 0.120 0.759 
4FAHL ≥ 70 dB (initial) 1 0.263 0.640 5.136 
High hearing aid volume 1 0.566 0.269 2.050 
Hearing aid use ≥ 8 
hours/day 
1 0.610 0.311 1.984 
Frequent PSP use 1 0.516 0.587 2.887 
* Statistically significant. 
 
Survival analysis: subset (B) 
A Kaplan-Meier survival analysis was performed, and survival functions were plotted, 
for cases with HTL ≥ 70 dB versus cases with HTL < 70 dB at 2000/4000 Hz in the 
initial audiogram (see Figure 5.2).  Cumulative survival (Y axis) refers to the proportion 
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of cases for which, to the time indicated on the X axis (approximate age in years), an 
event has not been observed.  Vertical lines on the plot indicate “censored” cases.  
Cases were censored at the final audiogram age for each individual with no event in the 
observation period.  To illustrate, for the group with HF HTLs < 70 dB at initial 
audiogram (plotted in black), the oldest participant in the group is just over 25 years old.  
At this age point, 40% of cases in the group have experienced an event according to the 
criterion (HF shift ≥ 15 dB).  At the same age point, 80% of participants in the group 
with HF HTLs ≥ 70 dB at (plotted in grey) have experienced an event. 
 
 
Figure 5.2: Kaplan-Meier survival functions for HTL 2000/4000 Hz at initial audiogram. 
Note:    = censored cases. 
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Magnitude of HTL shift: subset (B) 
The magnitude of HF shifts for each ear, 5, 10 and 15 years post-initial audiogram (i.e., 
approximate ages 10, 15 and 20 years) were determined.  Table 5.6 presents the amount 
of shift (in dB HL) after three observation periods: 5 years, 10 years, and 15 years.  At 
15 years post-initial audiogram (approximate age 20 years) at the 50th percentile, 
observed shifts were in the magnitude of 5 – 10 dB.  Shifts at the 90th percentile were in 
the range of 25 – 30 dB.  At the 10th percentile, an improvement (decrease) in HTLs in 
the order of 5 dB was evident. 
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Table 5.6: Magnitude of HTL shift over time. 
Subset (B) n = 79: initial HTLs obtained at ~5 years of age.   
Period 
Percentile 
5 years (age = 10 years) 10 years (age = 15 years) 15 years (age=20 years) 
10 25 50 75 90 10 25 50 75 90 10 25 50 75 90 
LT 2000 Hz 
Shift, dB -10 -5 0 5 10 -5 0 0 10 20 -5 0 10 15 27 
n = 59 47 32 
LT 4000 Hz 
Shift, dB -9.5 -5 0 5 10 -5 0 5 11 16.5 -4 0 5 15 24 
n = 60 46 31 
RT 2000 Hz 
Shift, dB -10 -5 0 5 10 -6 -5 0 10 15 -5 0 10 15 28 
n = 60 47 31 
RT 4000 Hz 
Shift, dB -10 -5 0 5 10 -10 -5 5 10 21.5 -5 0 5 20 30 
n = 58 46 31 
         Note: A positive value represents a deterioration (downward shift) in HTL, while a negative value represents and improvement (upward shift)  
          in HTL. 
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DISCUSSION 
The first research question, “what proportion of young people with early HI, without 
known risk for progressive hearing loss, experience HTL shift?” was addressed by 
analyses of subset (A) data.  Applying both criterion (a) and (b) simultaneously, HTL 
shift was observed in almost 50% of cases.  Because of the detailed nature of the survey 
and clinical file review, and the well-defined characteristics of participants in the 
analysis subsets, the generalisability of the results is unambiguous.  Apart from the 
applicability of the main findings to parent/client counselling, these results usefully 
inform future studies of HTL shift in individuals with pre-adult onset hearing loss. 
 
Observation period 
A notable strength of the current study was the wide participant age range, which 
provided satisfactory observation periods in a reasonable proportion of cases.  As Figure 
5.1 illustrates, 58 cases (46%) had a final audiogram > 10 years after initial audiogram, 
and 28 cases (22%) > 15 years after initial audiogram.  The median observation period 
was approximately 10 years.  The age ranges and observation periods (where stated) of 
previous studies can be compared in Appendix 6, and it is evident that the observation 
periods previously used have typically been < 10 years. 
 
Initial audiogram age has also varied among previous studies (see Appendix 6), and has 
not always been stated.  Newton and Rowson (1988) noted observations starting from < 
1 year of age in one analysis, and reported evidence of HTL shift prior to the age of 5 
years.  It is acknowledged that the current study may have overlooked shift events prior 
to the selected initial audiogram age.  However, the decision to exclude audiograms 
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obtained at pre-school age was made to increase the consistency and reliability of the 
initial audiogram data, and to ensure availability of HTLs at four or more audiometric 
frequencies. 
 
Comparison with previous research 
As noted previously, variation in methods and exclusion criteria make it difficult to 
compare the findings of different studies.  The early Swedish study by Barr and 
Wedenberg (1965) (see Appendix 6), however, adopted a similar shift criterion to the 
current investigation.  A shift in 22/40 (55%) cases was reported, which is very similar 
to the current finding of 59/127 (46.5%) (subset (A)). 
 
Whole-of-life noise exposure and HTL shift 
With respect to the second research question, “is there is a relationship between whole-
of-life noise exposure and HTL shift?”, there was no statistically significant relationship 
between HTL shift and reported whole-of-life noise exposure, or other factors that 
potentially relate to noise exposure (e.g., regular personal stereo player use).  However, 
the interpretation of the findings is restricted by the small spread of whole-of-life noise 
exposures, largely within the ‘acceptable’ criterion for age. 
 
A clear association between HF shift and the presence of HF HTL (2000 and/or 4000 
Hz) ≥ 70 dB at initial audiogram was observed.  At (approximate) age 15 years, almost 
50% of cases with a HF HTL ≥ 70 dB at initial audiogram had experienced a HF shift ≥ 
15 dB, compared with just one in five cases in which HF HTLs were ≤ 70 dB at initial 
audiogram.  This could relate to hearing aid amplification, given the high gain levels 
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required to achieve speech audibility of speech in cases of severe or profound hearing 
loss.  It is also plausible that physiological differences in individuals with severe, early 
onset loss may account for increased susceptibility to shift. 
 
In the Australian context, the hearing of young people is systematically monitored up to 
the age of 26 years.  As illustrated in Table 5.6, the current study revealed evidence of 
increasing shift with increasing observation period.  The current data also suggest that 
HTL shift may typically be minimal until after the age of 20 years.  The very slow 
progression of hearing loss over adolescence may undermine vigilance in the 
audiological management of young adults.  If the trend towards deterioration observed 
in this study continues into the third decade, HTL shift may reach significance (in 
functional terms) during early working life, when the support services typically 
available to children/students have ceased. 
 
Recruitment of participants between ages 26 and 35 (i.e., above the AH eligibility age) 
was challenging, as there appeared to be relatively few adults in their 20s and 30s 
among private audiology caseloads.  The high cost of hearing aids and the absence of 
substantial reimbursements from health insurance schemes may deter young people 
from continuing to monitor their hearing and upgrading devices.  As noted, the failure to 
make appropriate technical and strategic adjustments as hearing changes will contribute 
to increased hearing disability in functional terms.  In addition, HTL shifts combined 
with concomitant advances in available technologies, may move some hearing aid 
wearers into candidacy for cochlear implantation, or benefit from other assistive 
listening devices.  Without ongoing audiological monitoring, some young adults may 
-170- 
miss out on significant benefits of changing device/strategy.  On a more positive note, 
the finding that approximately half the participants in the current study showed no 
evidence of HTL shift is also significant.  It may be reassuring for parents to know that, 
in the absence of known risk factors for progressive loss, hearing deterioration during 
childhood and adolescence is not inevitable.  Furthermore, the magnitude of HF shifts 
observed in this study was typically small (e.g., in the order of only 5 – 10 dB at the 50th 
percentile at age 20 years). 
 
The current study revealed a slight improvement in HTLs at the 10th percentile.  It has 
been observed that even typically developing children may become more attuned and 
listen more attentively to soft sounds over time (Brookhouser, 2002; Buss et al., 2016) 
which may be a contributing factor in observed HTL improvements.  Pittman and 
Stelmachowicz (2003) also reported hearing improvement in 5% of observed cases. 
 
Limitations of the study 
The number of participants was reasonably large, however, the application of the 
exclusion criteria reduced the size of the analysis data sets.  The response rate (in terms 
of the number of invitations distributed to AH) was relatively low.  Recruiting young 
people with disability for research is inherently difficult.  Liamputtong (2007, p.3) 
classified both individuals with disabilities and adolescents as ‘vulnerable’ and 
‘difficult-to-access’ research populations.  Considerable effort was made to ensure that a 
representative sample was achieved (e.g., including participants in country and regional 
locations).  The length and complexity of surveys may also have affected participation 
rate, by discouraging individuals with lower literacy levels or with English as a second 
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language.  This was unavoidable, as sufficient information about noise exposure history 
was needed to make a reasonable estimation of individual risk.  Possibly, the greatest 
uncertainty arises from the use of self-reported data in estimating noise exposure.  
Difficulty and/or inaccuracy in recalling events could be an influencing factor, as noted 
by Williams et al. (2015).  As mentioned, the main limitation in interpreting the findings 
was the small number of participants estimated to be at risk for noise-induced HTL 
shift. 
 
Continuation of surveillance 
Currently available AH data could be used to expand the findings of this study.  At the 
time of writing, however, Government funded hearing services in Australia were 
transitioning to new arrangements, including a National Disability Insurance Scheme 
(NDIS).  Subsidised hearing services may be extended to some individuals between 26 
and 65 years of age.  Establishment of a national database, conserving at least 
audiometric and demographic data, would allow the surveillance of HTLs to be 
continued under a new de-centralised model.  National infrastructure, centralised record 
keeping and cooperation among service providers would be required to achieve this 
goal.  The extension of subsidised hearing services to some adults in mid-life may also 
create a new opportunity to investigate the interaction between early hearing loss and 
presbycusis.  Meanwhile, the current results offer new insight into the probability of 
HTL shift in the time between school age and early adulthood. 
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CONCLUSIONS 
This is the first time the relationship between HTL shift and whole-of-life noise 
exposure has been directly examined in an homogeneous group of young people with 
early HI.  Whole-of-life noise exposure was not associated with HTL shift for this 
cohort, however few participants reported high levels of noise exposure.  Nevertheless, 
almost 50% of selected participants had experienced HTL shift.  As the hearing health 
care system continues to evolve, more systematic surveillance of HTL shift, particularly 
through mid-life, will further increase our understanding of the prognosis of early-onset 
hearing loss and the likely impact of noise exposure over the longer term. 
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ABSTRACT 
The purpose of this study was to survey the attitudes of parents of adolescent children 
(with, and without, hearing impairment), with the following objectives: (1) compare 
perceptions of the parent groups regarding the risk of leisure-noise-related hearing 
injury; and (2) investigate how comfortable parents felt endorsing their child's 
participation in a range of everyday leisure activities, some which may involve noise 
exposure.  Cross-sectional cohort study.  Experimental group − parents of adolescents 
(aged 13 − 18 years) with hearing impairment (HI group) n = 53.  Control group − 
parents of age-matched youths with non-impaired/‘normal hearing’ (NH group) n = 70.  
Rasch modelling was applied to evaluate the internal validity and reliability of the 
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leisure attitudes items.  Rasch-generated interval-level data and raw ordinal-level data 
were used to identify systematic differences between groups. 
Most parents (HI and NH groups) perceived leisure noise to be a significant health risk 
for young people in general, but few perceived their own child to be at high risk.  
Parents in the HI group were significantly less comfortable overall, and with several 
specific leisure activities, than parents in the NH group but, conversely, were more 
comfortable with two activities.  Concerns related to a variety of factors. 
Leisure-time activities provide a major opportunity for children to socialise and they are 
a crucial part of healthy emotional and physical development. Parent attitudes may 
influence children's participation.  Parents may benefit from support in identifying and 
managing concerns about the impact of hearing impairment on their children's leisure 
participation. 
  
INTRODUCTION 
There is consensus that participation in everyday life activities is crucial to the 
development and wellbeing of children and youth (King et al., 2003; Coster et al., 
2012).  Because leisure activities (as opposed to schooling) are ‘optional’, their 
importance for developing social skills, friendships and other competencies may be 
overlooked (Jessup et al., 2010).  King and colleagues noted that undesired restriction 
can contribute to loneliness and difficulty with social adjustment and stated that: 
“Without adequate opportunities to participate, people are unable to explore their 
social, intellectual, emotional, communicative and physical potential and are less able 
to grow as individuals” (King et al., 2003, p. 65).  Bedell (2009, p. 342) suggested that 
the promotion of participation is the “ultimate aim of rehabilitation.” 
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Children depend on adults to access leisure activities and therefore parent attitudes can 
influence children’s leisure opportunities (Forsyth & Jarvis, 2002; Niehues et al., 
2013a).  “A barrage of media reports about a generation at risk” seems to have 
encouraged overprotective parenting (Ungar, 2009, p. 262).  The presence of a 
childhood disability also challenges parents’ coping capacity.  There is evidence that 
young people with disability are generally at risk of restricted participation in everyday 
activities, when compared with non-disabled peers (Law et al., 2006).  Reported 
evidence on the perspectives of parents of children with hearing disability is lacking.  
However, it was suggested in one commentary that parents of affected children (who 
typically do not have hearing impairment themselves) may be prone to over-estimating 
everyday risk, because of difficulty understanding the experience of the disability 
(Mindel & Feldman, 1991). 
 
Hearing impairment is one of the most common disabling conditions in young people.  
Approximately 18,500 Australians under the age of 21 years are currently affected by 
permanent hearing impairment, and are fitted with hearing aids and/or cochlear implants 
(Australian Hearing, 2013).  Hearing impairment has been described as a ‘social’ 
handicap (Watson et al., 1990) because of its effect on communication fluency and 
socialisation.  Although studies are limited, hearing impairment in childhood has been 
scientifically associated with increased risk of physical injury.  Mann et al. (2007) 
reported that hospital treatment rates for children with hearing impairment were almost 
twice that of children without hearing difficulty.  Other authors (Xiang et al., 2005; 
Schwebel & Brezausek, 2010) also reported higher accidental injury rates in children 
with sensory impairments.  Risks have been attributed to inaccurate or inadequate 
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perceptions of the environment (e.g., failure to hear warnings) and may be heightened in 
situations where sensory aids (hearing aids/cochlear implants) cannot be worn (e.g., 
water activities).  The incidence and prevention of injury in populations with disability 
has, however, been insufficiently studied (Xiang et al., 2005). 
 
Preservation of children’s residual hearing is a focus of concern for parents and 
professionals, as deteriorating hearing can result in increased disability.  There is clear 
evidence that exposure to noise of sufficient intensity and duration can cause hearing 
threshold levels (HTLs) to deteriorate (Mills, 1975; ISO, 2013).  With reference to the 
general adolescent/young adult population, loud sound exposure during recreational 
activities (“leisure noise”) has been claimed to be, “as threatening to young people’s 
health as more traditional risk behaviours” (Bohlin & Erlandsson, 2007, p. 55).  While 
critical reviews of relevant literature show that the ‘threat’ of leisure noise tends to be 
overstated (Hètu & Fortin, 1995; Schlauch & Carney, 2011; Schlauch, 2013; Carter et 
al., 2014), there is evidence that a proportion of young people are exposed to sufficient 
leisure noise for hearing injury to be feasible (e.g., Tambs et al., 2003; Zhao et al., 2010; 
Beach et al., 2013).  The attitudes of parents of children with normal hearing towards 
leisure-noise risk have been studied previously (Sekhar et al., 2014) but there appear to 
be no similar reports concerning the attitudes of parents of children with hearing 
impairment. 
 
There is evidence that the risk of noise-related hearing injury may be increased for some 
hearing aid wearers.  Hearing aids not only amplify wanted sounds (i.e., speech 
information) but also environmental noise.  Particularly when worn regularly in high-
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noise environments, hearing aids may accelerate the accumulation of noise exposure 
(Dolan & Maurer, 1996).  A number of authors (Macrae & Farrant, 1965; Macrae, 1968; 
Roberts, 1970; Reilly et al., 1981; Podoshin et al., 1984) concluded that hearing 
deterioration is associated with hearing aid use in some cases, particularly when more 
powerful aids are worn.  Hearing aid technology has developed considerably since the 
time of these reports and now includes more sophisticated signal processing (Dillon, 
2012), capable of automatically reducing amplification for louder environments.  It is 
unclear whether this has resulted in safety improvements for hearing aid wearers, and 
systematic output level data for current hearing aids in real-life loud environments are 
lacking.  However, Ching et al. (2013) carried out a modelling study, in which the 
asymptotic threshold shifts associated with contemporary hearing aid technology were 
predicted.  It was concluded that, given use in louder environments, individuals with 
more severe hearing loss will be affected by threshold shift related to amplification.  
The implications for individuals who have worn various hearing aid technologies over 
their lifespan are unclear. 
 
Deterioration in hearing can also occur due to physical trauma.  Underlying structural 
abnormalities of the inner ear (e.g., in ‘enlarged vestibular aqueduct syndrome’, or 
EVAS) can increase susceptibility to further hearing loss as a result of physical 
incidents (Madden et al., 2003; Oyler, 2007).  Parents of children with hearing loss, 
particularly with a diagnosis of EVAS, are frequently counselled about the risk of 
physical activities that may result in high levels of exertion, physical trauma or 
barotrauma.  Although residual hearing may no longer be a critical issue, children who 
wear implantable devices (i.e., cochlear implants and bone anchored hearing aids) are 
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specifically advised to avoid contact sports, and other activities that may involve falls, 
in order to avoid damage to the device and trauma to adjacent ear structures. 
 
Parents and professionals of young people with hearing loss, therefore, have good 
reason to be concerned about a range of everyday risks.  However, research across a 
range of disciplines has shown that there can be social and physical costs if children’s 
activities are restricted to an extent that is disproportional to the actual risk involved 
(Bundy et al., 2009).  “Overprotective parenting in low-risk environments may have 
negative consequences for the psychosocial development of children and youth” 
(Ungar, 2009, p. 258).  While outcomes assessment of children with disability has 
increasingly considered the dimensions of activity and participation (Phillips et al., 
2013), there remains an overall gap in the knowledge of factors that promote, or act as 
barriers to, successful participation.  There is a dearth of systematic study of the leisure 
activity of young people with hearing impairment to date, and no previous investigation 
of parent attitudes to risk in this context.  This paper presents key findings from a 
comparative parent survey, conducted during the second phase of a large, two-part 
hearing health study carried out by the National Acoustic Laboratories (NAL), in 
response to community concern about the possible impact of leisure-noise exposure on 
the hearing health of adolescent and young adult Australians.  Phase 1 of this study was 
financially supported by the Australian Commonwealth Government, Office of Hearing 
Services (OHS), REI 244/0708, and phase 2 by the NHMRC, GNT 10338147. 
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Research hypotheses: 
1. Parents in the HI group would be more concerned about the potential risk of 
noise-related hearing injury than parents in the NH group. 
2. Parents in the HI group would be less comfortable about their children’s 
participation in everyday activities than parents in the NH group. 
 
METHOD 
The parent survey described in this paper was devised specifically for the second phase 
of the large, two-part hearing health study described above.  During phase 1 (2009 − 
2011) audiometric (n = 1407), behaviour and attitudes data (n = 1059) were collected 
from a representative sample of 11 − 35-year-olds residing in New South Wales (NSW).  
The methodology and major findings for phase 1 have previously been reported in detail 
(Carter, 2011; Williams et al., 2014; Carter et al., 2015; Williams et al., 2015).  In 
summary, the majority of phase 1 participants were found to have pure tone HTL 
distributions similar to those of reference populations (i.e., ISO 7029, 2000) and no 
association between whole-of-life noise exposure and HTLs was observed.  The study 
was extended to a second phase, to investigate issues surrounding leisure-noise 
exposure for young people with permanent hearing impairment.  Similar data were 
collected from an age-matched cohort with hearing impairment of early onset (i.e., 
congenital or acquired during childhood/adolescence).  Retrospective HTL data were 
obtained for n = 260 participants.  The majority of participants were recruited via 
Australian Hearing (AH); the national provider of audiological services to Australian 
youths under the age of 26 years. 
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HI (experimental) group 
A total of 111 responses were received from parents of young people with hearing 
impairment.  The total number of parents was 107, as four parents completed surveys 
for two siblings (both with HI).  Parents were provided with personalised invitations to 
take part during regular appointments at 15 selected AH centres within NSW.  Three 
parents in the HI group reported having significant (moderate-severe) bilateral hearing 
loss themselves (one having acquired the hearing loss during childhood). 
 
NH (control) group 
Parents of participants from the first study phase (adolescents confirmed as having 
normal hearing) provided 90 responses.  The number of parents was 88 as again, in two 
cases, the same parent returned a survey for two siblings.  Survey packages were mailed 
directly to NH group parents after the conclusion of phase 1 of the study.  One parent in 
the NH group reported having moderate bilateral hearing loss and one a profound 
bilateral hearing loss. 
 
The approximate response rate for the parent survey was 14% for the HI group and 33% 
for the NH group.  Responses obtained from parents whose children had disabilities in 
addition to hearing impairment were excluded from the quantitative data analysis, as 
preliminary analysis showed additional disability was a confounding variable.  Age-
matching resulted in further exclusions.  As shown in Table 6.1, the resulting HI and 
NH analysis subsets were well matched in terms of parent and participant age. The 
majority of respondents were female (mothers).  Table 6.1 also provides HTLs and 
device details for children in the HI group. 
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Table 6.1: Participant details. 
 
The median, better ear, four frequency average hearing level (4FAHL 500, 1000, 2000, 4000 
Hz) for children in the NH group was 5 dB HL (range 0 – 16 dB HL).  The majority of 
respondents (HI group = 85%; NH group = 73%) resided in the greater metropolitan 
area of Sydney, Australia.  The remainder lived in rural/regional locations within NSW.  
Figure 6.1 provides a comparison of rankings of socio-economic status (SES) for each 
group, based on participant town/suburb of residence (according to Census of 
Population and Housing data, ABS, 2006).  It is evident that although participants in 
both groups were recruited from a range of areas, the majority were recruited from areas 
deemed to be more highly advantaged. 
 
 
 HI group 
Child has impaired hearing 
NH group 
Child has normal hearing 
Analysis subset (n =) 53 70 
Mean parent age (years) 46.4 46.5 
Mean child age (years) 15.6 16.2 
Parent gender  
 
Female:     
Male:        
Unstated:  
Female: 
Male:  
n = 47 
n =   3 
n =   3 
n = 32 
n = 20 
Female:     
Male:        
Unstated:  
Female: 
Male: 
n = 59 
n = 10 
n =   1 
n = 47 
n = 23 
Participant gender 
 
Experimental group (analysis subset) 
Degree of pure tone hearing loss (better ear 4 FAHL500, 1000, 2000, 4000 Hz)  
Mild (21−39 dB) Moderate (40−59 dB) Severe (60−89 dB) Profound (90+ dB) 
n = 17 (32%) n = 19 (36%) n = 3 (6%) n = 4 (7.5%) 
Devices  
Hearing aids Cochlear implants No longer worn  
45 2 6  
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Figure 6.1: Index of participant socio-economic status (analysis subset) (ABS, 2006). 
Notes: Rank of areas according to proportion of ‘relatively more, or less, disadvantaged’  
(1 = most disadvantaged, 10 = most advantaged). 
 
Ethics 
Protocols were approved by the Australian Hearing Human Research Ethics Committee 
(AHHREC), and the Human Research Ethics Committee, University of Sydney.  
Participation was voluntary and no incentives to parents were offered. 
 
Survey instruments 
The parent surveys used were designed by NAL and were available in paper form and 
online, in slightly different versions for the HI and NH groups.  Knowledge and 
attitudes item content was developed with reference to previous hearing 
conservation/education literature (Carter, 2011).  In the development phase, feedback 
was obtained regarding the relevance and appropriateness of items from parents of 
children with hearing impairment and a group of relevant professionals (including 
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paediatric audiologists, psychologists, an occupational therapist, epidemiologist/ 
statistician and a medical practitioner).  Any reported ambiguities or difficulties with the 
items were addressed.  Items contained in the two versions of the parent survey are 
summarised for the reader’s reference in Appendix 7.  In brief, the surveys contained:  
Demographic information (Q. 1 − 6) hearing health and family information (Q. 7 – 13); 
hearing aids and cochlear implants details (Q. 14 & 15 HI group only); and leisure 
activity attitudes items (Q. 16 – 33).  Question 27, referred to as the “leisure table” 
explored parent’s attitudes to their child’s hypothetical participation in 30 individual 
leisure activities, deemed typical for the target age group.  Question 28 was 
supplementary to the leisure table and provided the opportunity for clarification of 
responses at Q. 27.  Specific details of each activity were provided in the leisure table to 
ensure interpretation of the items was as consistent as possible, for example; “Go to a 
live music performance at a large venue (e.g., entertainment centre, stadium etc.), with 
family or friends”.  The total number of items was limited to reduce participant 
completion time, and to maximise the survey completion rate.  Situations with obvious 
potential for significant noise exposure (e.g., events at large music venues, playing loud 
instruments, using tools etc.) were deliberately included, as well as activities in which 
there is some physical injury risk (e.g., contact sports, adventure sports). 
 
The response format for the leisure table (Q. 27) was a 5-point Likert scale (Phillips et 
al., 2013) with anchors at the extreme response options (1 = very uncomfortable; 5 = 
very comfortable).  Parents were instructed to: “circle one number… to indicate how 
you imagine you would feel about your son/daughter doing the activity.  Please give a 
rating whether or not your son/daughter has actually done the activity.”  This format 
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was influenced by the CAPE (Children’s Assessment of Participation and Enjoyment) 
which is a 55 item, self-report, discriminative measure of children’s participation in 
leisure and recreation activities across five dimensions (King et al., 2004, 2007; Law et 
al., 2006). 
 
Item selection: current analysis 
As indicated in Appendix 7, the parent surveys contained a large number of individual 
items, not all of which were directly relevant to the specific research hypotheses 
explored in this paper.  The items selected for this analysis were as follows:  First, 
several basic demographic and hearing health items (including; parent gender, age, 
hearing levels, and participant health and disability status).  Second, to address the first 
research hypothesis, six questions probing parent perceptions of leisure-noise risk (risk 
to own child and risk in general) (Q. 16, 17, 23, 24, 25 and 26).  Finally, to test the 
second hypothesis, the 30 leisure table items (Q. 27), additional information about Q. 27 
(Q. 28), plus two other items probing parents’ general attitudes to children’s leisure (Q. 
20 & 22). 
 
Results for Q. 16, 23, 24, 25 & 26 for the two groups were compared using the 
Pearson’s Chi-squared test.  With the exception of Q. 16, these items used 5-point 
response scales with varying anchor descriptions.  Because of the relatively small 
sample size, the two response categories at either side of the midway rating point (i.e., 1 
and 2; 4 and 5) were collapsed for statistical analysis, resulting in a three point 
(negative/neutral/positive) scale.  Some general observations based on the raw 
(uncollapsed) responses for these items were also made.  The 30 activity items 
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contained in the leisure table data (Q. 27) were also collapsed for analysis as the lowest 
rating (‘1’) for each leisure activity item was seldom used.  Positive values (4 and 5) 
formed one rating and neutral/negative values (1, 2, and 3) a second.  Rasch analysis 
was used to convert dichotomous raw scores (ordinal data) to interval-level data, for 
entry into parametric statistical analyses.  For the reader’s reference, Rasch analysis is a 
statistical method applicable to measures of human perceptions or attitudes (‘latent’ 
variables), frequently utilised in disability research fields (Linacre, 1999; Tesio, 2003; 
Bond & Fox, 2007).  The model determines how the probability of a response would be 
expected to change as a function of two parameters: item difficulty (in this case, 
difficulty with endorsing a child’s participation) and participant ability (in this context, 
parent comfort or ‘permissiveness’).  Measure scores for item difficulty are presented 
on the same continuous scale as participant measure scores (Tesio, 2003).  The 
conventional unit is the ‘logit’ (log odds probability units) where 0 is assigned to the 
mean item difficulty.  The positive end of the scale represents higher item difficulty and 
the negative end lower difficulty.  Rasch analysis yields goodness of fit statistics which 
enable examination of construct validity of the survey. 
 
The overall scores generated for the two parent groups were used to create a graph in a 
similar format to the Rasch ‘item map’ described by Tesio (2003).  Rasch-Welch 
differential item functioning (DIF) statistics were used to examine systematic 
differences between the groups on individual leisure activity items.  DIF refers to the 
stability of the hierarchy of item difficulty for different groups (Tesio, 2003).  A DIF t-
value test (an approximate t-test in Winsteps) was performed to compare the average 
measure of the two groups on each item.  Participants’ overall measure scores also were 
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entered into an independent t-test.  Chi-squared testing was also applied to the ordinal 
leisure table data (also dichotomised) to further examine differences between groups.  
These data have also been presented in a more conventional graphical format. 
 
The standard level of statistical significance for all tests was set at α = 0.05.  Winsteps 
version 3.81.0 (Linacre, 2014) was used for all Rasch analyses.  IBM© SPSS© Statistics, 
version 22, was used for all other statistical analyses. 
 
RESULTS 
As noted, results for six related attitudes questions (Q. 16, 17, 23, 24, 25 & 26) were 
used to test Hypothesis 1:  “Parents in the HI group would be more concerned about the 
potential risk of noise-induced hearing injury than parents in the NH group.” 
Frequency distributions were calculated and proportions compared for the two parent 
groups using the Pearson’s Chi-squared test for the five fixed-choice questions 
pertaining to parent perceptions of leisure-noise risk (risk to own child and risk in 
general) (Q. 16, 23, 24, 25 & 26), firstly: 
Q. 16:  Do you worry or feel concerned about the possibility of your 
son/daughter’s hearing getting worse in the future? 
 
Parents in the HI group were more concerned overall, and the difference between 
groups was statistically significant (χ2 = 6.75; df = 2; p = 0.03).  It is also noteworthy 
that a third (34%) of parents in the NH group gave the lowest rating (“not at all”), 
compared with just one fifth (20%) in the HI group.  Conversely, a quarter (26%) of 
parents in the HI gave the highest rating (“very much”) compared with only less than 
one in ten (9%) in the NH group. 
-191- 
Secondly:  
Q. 23:  In terms of hearing damage from loud sound exposure: How risky do you 
think your son/daughter’s leisure activities are? 
 
Q. 24:  In terms of hearing damage from loud sound exposure: How risky do you 
think using a personal stereo is for most young people? 
 
Q. 25:  In terms of causing hearing damage: In general, how risky do you think 
activities such as night-clubbing or loud concerts are? 
 
Q. 26:  In general, how much do you think exposure to loud sound during leisure 
activities contributes to people’s hearing getting worse in the future? 
 
Relatively few parents considered their child ‘at risk’ from leisure-noise exposure (Q. 
23; HI group = 18.9%, NH group = 27.1%) and very few rated their own child’s risk as 
“very high” (HI = 0%, NH = 2.9%).  Most parents, however, considered that; PSP use 
(Q. 24; HI = 71.7%, NH = 78.6%), loud concerts/clubbing (Q. 25; HI = 79.2%, NH = 
89.9%), and loud sound in general (Q. 26; HI = 66%, NH = 80%) pose a risk of hearing 
injury to young people in general.  No significant differences between groups were 
found for any of these four items. 
Additionally, in response to the ‘yes/no’ question: 
Q. 17:  Do you think there are particular activities that put young people at risk 
of hearing damage?  
 
Most parents (HI = 81.1%; NH = 85.7%) gave an affirmative response.  There was no 
statistically significant difference (χ2 = 0.47; df = 1; p = 0.50) between the groups.  
Parents were also asked to specify any activities they believed present a risk of hearing 
injury.  Figure 6.2 shows a count of the main activities of concern listed by parents in 
each group. 
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Figure 6.2: Activities believed to put young people at risk of hearing damage. 
Note:  Open-ended response format.  Some respondents identified more than one activity. 
 
In testing Hypothesis 2, “Parents in the HI group would be less comfortable about their 
children’s participation in everyday activities than parents in the NH group”, leisure 
table data (Q. 27) were analysed using Rasch analysis.  As noted, Rasch analysis was 
also used to determine the construct validity of the measure.  Ninety percent (27 of 30) 
items met the criterion for internal reliability, that is, had infit and outfit MNSQ values 
within the criterion range of 1.0 (± 0.5).  The outfit values for two of these outlying 
values were < 2, and therefore should not have denigrated the model (Linacre, 1999).  
MNSQ values for person of > 1.5 are indicative of unpredictable responses, for 
example, an individual atypically interprets test items (Hancock et al., 2011).  Wright 
and Linacre (1994) noted, however, that a few nonconforming individuals will have 
negligible impact on the overall model.  In the current dataset only 3 of the 123 (< 3%) 
respondents had an infit or outfit MNSQ > 1.5. 
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The group means of the Rasch-generated overall measure scores for individual items are 
presented in Figure 6.3.  The vertical axis shows the logit measures, which represent the 
probability of endorsing an item of average difficulty.  Put simply, the higher the logit 
score, the more difficult it was for parents to endorse the activity.  Hence, as might be 
expected, shooting had the highest logit score.  Rasch-Welch DIF calculations, 
performed to compare the average measure of the two groups on each item, are also 
included in table form in Figure 6.3.  Statistically significant differences between groups 
were observed for five items (also highlighted with arrow markers in the graphical 
illustration in Figure 6.3).  In three cases scores were significantly higher for the HI 
group, while in two cases scores for the NH group were higher. 
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Figure 6.3: Rasch activity map. 
Note: Probability values relate to difference in measure scores (NH versus HI group mean). 
 
The means of the Rasch overall measure scores for the two groups (MHI = 0.38; MNH = 
1.06) were compared using an independent t-test.  A statistically significant difference 
between the means was observed (t = -2.06, df = 121; p = 0.04). 
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Pearson’s Chi-squared testing of the leisure table data was performed to provide an 
additional illustration of the findings.  Outcomes were similar to the Rasch analysis 
(albeit slightly less conservative).  Results, presented in Figure 6.4, show the percentage 
of participants in each group who gave a positive (comfortable) rating for each item.  A 
statistically significant difference was observed for seven items.  The Chi-squared and 
p-values for these items are presented in Table 6.2. 
 
Figure 6.4: Activities parents comfortable endorsing (i.e., 4 or 5 rating). 
Notes: Percentage = of group. 
Rating categories collapsed for analysis (dichotomous values). 
* Chi-squared test, statistically significant difference (p ≤ 0.05). 
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Table 6.2: Chi-square analysis of variance: Leisure activity items (Q.27). 
 
Note: Items in which difference reached statistical significance. 
 
 
As mentioned previously, responses to Q. 20 & 22 were also used to address the second 
research hypothesis in less activity-specific terms. 
Q. 20:  How do you usually feel about your son/daughter trying new activities? 
  
Q. 22:  Compared with other parents, how much do you think you worry or feel 
concerned about your son/daughter facing “everyday” risks? 
  
No significant differences between the parent groups were found for these items.  For 
the first item, few parents in either group (< 5%) gave the lowest rating (“very 
uncomfortable”).  For the second, many parents in both groups (around 40%) believed 
that they worry about everyday risks to the same degree as other parents (i.e., gave the 
midway rating).  In the HI group, 47% judged they worry “more” than other parents, 
compared with 36% in the NH group.  As noted however, this difference was not 
statistically significant (χ2 = 3.702; df = 2; p = 0.16). 
 
To clarify responses to leisure table items, parents were asked to list which activities 
they would be uncomfortable with their child participating in, on the basis of specified 
risks (see Appendix 7, Q. 28), primarily, the risk of noise-related hearing injury.  
Parents in the HI group only were asked to list activities they were uncomfortable with 
Leisure activity HI group 
% comfortable    
NH group 
% comfortable 
 
χ2  
 
df 
 
p value 
Swim/water sports  81.1 97.1 8.78 1 0.00  
Sing in choir 69.8 88.6 6.76 1 0.01  
Play other instrument 69.8 85.7 4.58 1 0.03  
Small music venue 52.8 72.9 5.27 1 0.02  
Play loud instrument 30.2 57.1 8.84 1 0.00  
Use PC for fun/social  73.6 55.7 4.15 1 0.04  
Play contact sports 20.8 47.1 10.05 2 0.01  
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because of disability-related issues, for example; hearing aids/implants cannot be worn 
during the activity, thus reducing auditory awareness.  Figure 6.5 shows the activities 
most frequently identified for noise-related risk (HI and NH groups) and reduced 
auditory awareness (HI group only).  As regards the risk of noise injury, parents in the 
HI group commented more frequently about the risks of loud or live music events, 
shooting, and working in noisy environments than the NH group parents.  Contact 
sports were also mentioned more frequently by the HI group, but it is assumed that the 
perceived risk was in relation to physical rather than acoustic trauma.  As Figure 6.5 
also illustrates, difficulties arising from inadequate auditory awareness (e.g., during 
swimming and active sports) and the risk of physical trauma (e.g., during contact sports) 
were mentioned by a number of parents (approximately 30% of the group in total).  
Although it is not illustrated in Figure 6.5, parents also described concerns about 
damage to hearing aids and cochlear implants during swimming and active sports. 
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Figure 6.5: Activities parents uncomfortable endorsing (rated 1 or 2). 
Note: Open-ended response format.  Respondents specified activities. 
 
Qualitative data 
Parents were invited to provide comments throughout the survey and a number of their 
statements further illuminated the quantitative findings.  A number of these comments 
from parents in the HI group highlighted the diversity of their particular concerns 
relating to children’s leisure activity participation.  For example: 
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1. Social-emotional concern: 
“I did discourage rugby and soccer because he was not understanding all the 
rules.  So this made other boys bully him away from any action.  So tennis seems 
to work at this stage.” 
2. Concern about hearing deterioration due to physical trauma: 
“[discouraged/stopped] all contact sports as head trauma can cause 
worsening permanent hearing loss in both ears.” 
3. Concern about personal safety (presumably based on possible reduction in 
auditory awareness): 
 “[I am] particularly worried about her learning to drive.” 
4. Hearing aid management/ maintenance difficulties: 
“We have constant problems with sweating, hearing aid batteries corroding 
and hearing aids cease working….” 
On the other hand, a number of comments from HI group parents were indicative of 
positive attitudes and an awareness of the importance of encouraging participation.   
For example: 
“Even if the safety risks are sometimes greater than for "normal" children I 
believe you should let them try an activity if they want to.” 
“I am more concerned about social isolation rather than physical [risk].” 
“We never stop our child from participating in life − we always find a way to 
communicate.” 
“The hearing aid helps my child hear conversations better during social 
gatherings, rather than hinders her free time.” 
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DISCUSSION 
This study compared the attitudes of two groups of parents regarding their adolescent 
children’s leisure activities, with a focus on the risk of noise injury.  This investigation 
focused on the attitudes of the HI group parents, given the dearth of previous research 
relevant to the leisure participation of young people with hearing impairment.  Most 
parents, in both groups, perceived leisure noise to be a significant risk for young people 
in general, but few perceived their own child to be at high risk  (Q. 23; NH group = 
2.9%; HI group = 0%).  This finding is consistent with previous research with parents of 
normally hearing children (Sekhar et al., 2014), where it was reported that only 3.7% of 
parents (n = 716) of children aged 13 − 17 years perceived their own child to be ‘very 
much at risk’ of injury due to leisure noise.  In this study, parents of children with 
hearing impairment were, however, generally more concerned about their child’s 
hearing getting worse in future than parents in the NH group.  This finding was 
unsurprising, given the clinical emphasis placed on monitoring of children’s HTLs after 
hearing aids are fitted, however parents’ concerns about hearing deterioration were 
shown not to be exclusively centred on the risks of noise exposure.  As noted, perceived 
barriers to participation included communication difficulty, failure to hear warnings and 
other practical issues, in addition to concerns about noise injury. 
 
When asked to consider their child’s (hypothetical) participation in a range of everyday 
activities (leisure table; Q. 27), mean rating scores for the HI group were significantly 
lower than for the NH group, indicating that parents in the HI group were less 
comfortable endorsing participation overall than parents in the NH group. This lower 
permissiveness may translate into greater actual difficulty for parents of children with 
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hearing impairment allowing children to participate in leisure activities than parents of 
children with normal hearing.  However, it is important not to overgeneralise, 
particularly given that qualitative data obtained in this survey revealed some very 
positive views towards children’s participation.  It is also important to note that while 
the overall scores were lower for the HI group, a number of individual parents in the HI 
group had scores that were among the highest of all participants in both groups.  The 
spread of scores was also similar for the HI and NH groups.  It is also noteworthy that 
the direction of difference for individual items that reached statistical significance was 
not uniform.  Specifically, the HI group showed a more tolerant attitude than the NH 
group for two items; ‘using personal computer for fun/social networking’, and ‘talk on a 
mobile phone’.  This may indicate a compensatory attitude, in respect to the potential 
for hearing impairment to contribute to social isolation, which is supported by one of 
the parent comments (see results section above).  It would be valuable to further 
investigate parents’ views on the use of social media by children with hearing 
impairment, particularly from the point of view of potential psychosocial risks (e.g., 
cyber-bullying) in the light of this observation. 
 
According to both the Rasch and Chi-squared analyses, parents of children with hearing 
impairment were significantly less comfortable with contact and water sports.  This is 
also supported in parent responses at Q. 28 (see Figure 6.5).  These concerns are 
understandable given the possible implications of head trauma, the physical difficulties 
of wearing hearing aids or implants during very rough play, and the difficulties 
associated with lack of auditory awareness when not wearing aids (e.g., in the water or 
during active sports).  Niehues et al. (2013b) also acknowledged that, in some contexts, 
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safe-option choices are understandable and reasonable, and that protective parenting is 
not necessarily problematic. 
 
Chi-squared analysis also revealed statistically significant differences for two additional 
music performance activities (sing in choir, play other [not loud] musical instrument) 
where, again, parents of children with hearing impairment were less often comfortable 
than parents of children with normal hearing.  Stereotypical perceptions that music 
training for people with hearing impairment is impractical, and that music appreciation 
and hearing impairment are incongruous exist (Darrow & Heller, 1985; Darrow, 2007) 
and it is possible that parents may hold, or be influenced by others who hold, such 
viewpoints.  The fact that few parents identified musical instrument playing, and none 
choir singing, as noise-risk concerns (Q. 28) may support this conjecture.  If these 
findings correctly suggest that some parents have a negative view of music participation 
for their children with hearing impairment it is unfortunate, as it has been observed that 
many students with hearing impairment enjoy participation in musical activities 
(Darrow, 2007).  There is also evidence that music participation has positive benefits for 
the development of listening abilities (Kraus & Chandrasekaran, 2010).  Darrow and 
Heller (1985) noted that music-therapy-related articles dating back to as early as the 
1800’s, have reported benefits of musical training such as improved speech articulation, 
vocabulary, self-esteem, and listening skills. 
 
It is noteworthy that most parents (both groups) did not report having significant 
hearing loss (i.e., > mild in degree) themselves.  This may influence the perspective of 
parents of children with hearing impairment regarding the impacts of the disability on 
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everyday life, as conjectured by Mindel and Feldman (1991).  The number of parents 
sharing their child’s disability was too small for meaningful analysis.  However, mean 
Rasch-generated person scores for the three HI group parents with hearing loss were 
spread between -2 to 3.5 logits.  That is, one parent was among the most permissive of 
participants, one scored close to the mean, and the other nearly two standard deviations 
below the mean.  For the two NH group parents with hearing loss, the person score in 
one case was close to the mean value (0.2 logits) while the second was nearly one 
standard deviation below the mean (close to -1 logits). 
 
No significant differences between the groups were found using Chi-squared testing for 
items probing parents’ general sense of their own permissiveness about children’s 
everyday activities (Q. 20 & 22).  The qualitative data supported the evidence that some 
parents in the HI group are risk tolerant, and revealed positive beliefs that disability 
should not limit opportunity.  The ability of parents of children with other disabilities to 
view risk as an opportunity or challenge was also observed by Niehues et al. (2013a).  
In the interests of brevity, the full range of comments provided by parents could not be 
discussed in this paper.  It is intended that more qualitative data for the HI group, 
particularly in relation to strategies for overcoming barriers to children’s leisure 
activities, will be included in a future publication. 
 
In this study, when asked in general terms about leisure-noise risk, the use of personal 
stereo players (PSPs) and listening to loud music were identified by most parents as 
‘high risk’ activities (Q.17).  However, more than half the parents in both groups (HI = 
58.5%, NH = 55.7%) reported being comfortable with their own child using a PSP at Q. 
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27 (see Figure 6.5 & Table 6.2).  Further, very few parents specified PSP use as causing 
concern regarding hearing injury at Q. 28.  It is possible that rather than representing an 
underestimation of their own child's risk, this may reflect an overestimation of general 
community risk, possibly generated by “alarmist” reports (Hètu & Fortin, 1995, p. 382) 
in the popular media described previously.  This finding resonates with another finding 
from phase 1 of this research, where it was shown that young people consistently 
speculated that their preferred PSP volume was lower than that of their peers (Gilliver et 
al., 2012). 
 
Ungar (2009)  noted that: “Accurate information pertaining to the actual risks facing 
children locally, and educating parents on the way overprotection disadvantages young 
people, may help challenge patterns of overprotection among families” [p. 269], and it 
has also been noted that parents’ perceptions of risk are malleable (Niehues et al., 
2013a).  Professionals working with children with hearing impairment and their parents 
(including, audiologists, support teachers, specialist counsellors and doctors) all have an 
opportunity to encourage dialogue about leisure activity and everyday risk within 
current (re)habilitation processes.  However, it was observed in the US context that 
services provided to children with hearing impairment and their families have tended to 
operate within the confines of a number of non-integrated disciplines and have not 
always provided adequately for the emotional needs of parents (Mindel & Feldman, 
1991).  Increased understanding of how adult tolerance to risk can facilitate, or restrict, 
children’s development may enhance (re)habilitation outcomes for young people with 
disability (Hill & Bundy, 2012). 
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Like most parents, many professionals will not have personally experienced childhood 
hearing disability.  More evidence, not only about potential risks for children with 
hearing impairment, but also about methods of overcoming difficulties in participation 
(e.g., using waterproof devices, forward planning, alternative communication 
strategies), may lead to improved and more holistic counselling regarding active leisure 
participation.  In this respect, a more cohesive multi-disciplinary approach may also 
facilitate better family support and outcomes. 
  
To date, occupational therapy (OT) has not, generally, been part of programs provided 
for Australian children or adolescents with hearing impairment.  Given the OTs’ 
expertise in the area of participation in everyday life, including recreational activities, 
the authors suggest that the inclusion of an OT element in educational and 
(re)habilitation programs for young people with hearing impairment is worthy of 
consideration.  A formal protocol or instrument for investigating parent and child 
perspectives of children’s participation in everyday life could, potentially, help to 
ensure concerns in this dimension are not overlooked, and avoid duplication or 
inconsistency in the advice provided to families across disciplines.  Further work to 
develop an efficient instrument and/or protocol may be justified.  It would be valuable 
to further investigate:  (1) whether the leisure activities of children with hearing 
impairment differ substantially from those of their normally hearing peers, and (2) to 
what extent children themselves perceive disadvantage related to their hearing 
impairment, using broader measures of participation. 
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Limitations of the survey 
Recruitment for the HI group proved difficult, despite good access to potential 
participants.  Families of children with HI devote considerable time each year to hearing 
and/or other disability-related services, so reluctance to participate was perhaps 
unsurprising.  As noted, the majority of respondents were female and it is acknowledged 
that results may be different for a mixed sample of parents and/or a sample of mainly 
male parents.  On the basis of SES rankings, the participant cohort appears weighted 
towards the socially more advantaged (refer to Figure 6.1).  It should be noted that 
multiple comparisons were made in this study without correction.  This may lead to an 
increase in family-wise error rate (i.e., the probability of making one or more false 
discoveries, or type I errors, given multiple hypotheses).  However, the findings 
presented here appear to be logical in terms of the currently available evidence-base 
about the range of potential risks for children with hearing disability in everyday life.  
The test-retest reliability of the survey is unknown and the relatively small sample size 
and low response rate are acknowledged. 
 
CONCLUSIONS 
Parents in both groups did not perceive leisure-noise exposure to be a major threat to 
their own children’s wellbeing, but did regard it as a significant risk for young people in 
the general population.  This may reflect distortions in popular beliefs about leisure 
noise arising from overstated and non-evidence based reports.  Parents of children with 
hearing impairment showed more difficulty overall in endorsing their children’s 
participation in a range of everyday activities, including water and contact sports and 
music performance activities.  It seems reasonable to expect that these concerns could 
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influence children’s leisure participation, although it was also apparent from qualitative 
data that some parents find solutions to overcome barriers and appear to be positive 
supporters of their children’s participation.  The insights gained from this survey are 
expected to be of immediate interest to educators, audiologists and researchers and may 
encourage consideration of (re)habilitation goals that extend beyond the prevailing 
dimensions of language and educational attainment. 
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CHAPTER 7 
PARTICIPANT ATTITUDES AND PROTECTIVE BEHAVIOURS 
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ABSTRACT 
Purpose: The attitudes of young people with hearing impairment (HI) towards leisure 
noise have not been reported previously.  This study compared the attitudes and 
behaviours of age-matched participants with HI and non-impaired (“normal”) hearing 
(NH).  It was hypothesised that the HI group would have a greater perception of risk 
and be more inclined towards protective strategies than their NH peers. 
Methods: Cross-sectional study (survey).  Chi-squared analysis was used to compare 
responses for the HI and NH groups. 
Results: Most participants (HI and NH) perceived leisure noise as a significant risk to 
hearing for the general population.  However, few participants perceived their own risk 
of noise injury as ‘high’.  Use of personal hearing protectors was low in both groups.  
Many HI participants reported using hearing aids (switched on) during noisy leisure 
activities.  Some HI group participants reported avoiding high-noise situations for 
reasons unrelated to noise risk. 
Conclusion: Despite perceiving leisure noise as a risk, very few HI or NH participants 
reported protective behaviours.  Hearing loss prevention campaigns that address noise 
reduction in leisure environments, rather than attempting modification of individual 
behaviour, may be more effective.  As well as moderating the risk of hearing loss, noise 
reduction in venues would result in more inclusive social environments. 
 
BACKGROUND 
The attitudes towards leisure noise of many cohorts of adolescents and young adults 
have been studied previously (e.g., Crandell et al., 2004; Widen & Erlandsson, 2004; 
Holmes et al., 2007; Erlandsson et al., 2008; Rawool & Colligon-Wayne, 2008; 
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Quintanilla-Deck et al., 2009; Widen et al., 2009; Zocoli et al., 2009; Bohlin et al., 
2011; Gilles et al., 2012; Gilliver et al., 2013).  However, there have been no previous 
studies of this type that pertain specifically to young people with early HI (i.e., present 
from birth or acquired pre-adulthood). 
 
There have also been a large number of studies of the hearing protective behaviours of 
young people in the general populace.  In the main, this research has shown that while 
young people are aware of the potential risk of noise injury as a consequence of leisure-
noise exposure (Crandell et al., 2004; Beach et al., 2013a)  protective behaviour, in 
particular the use of personal hearing protectors (PHP), is typically quite low (Beach et 
al., 2010).  For example, following an educational intervention, Weichbold and 
Zorowka (2003) reported that fewer than 4% of participants took advice to use earplugs; 
Bogoch et al. (2005) observed that 80.2% of young people surveyed said they never 
wore PHP to events; and in a very large web-based survey (nearly 10,000 respondents) 
only 14% reported having used PSP (Chung et al., 2005). 
 
This analysis addressed the hypothesis that HI is associated with heightened awareness 
of, and concern about, noise-injury risk. 
 
METHODS 
This work constitutes an extension of the analysis described in Chapter 4, using the 
same participant data; HI group, n = 125; NH group, n = 296, split into two age-based 
analysis subsets (13 − 17 years & 18 − 24 years).  In the interests of limiting the size of 
this thesis, analysis of only a small number of items is presented here.  This provides a 
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preliminary overview of data that could subsequently be analysed in more detail, and 
using more involved techniques.  It should also be noted that while surveys for both age 
subsets included attitudes items, the format for under 18-year-olds was less 
comprehensive, therefore the results presented here pertain primarily to data for > 18-
year-olds (young adults).  Results for several items exclusively answered by adolescents 
in the HI group are included where of particular interest.  The items probing attitudes to 
leisure-noise risk (risk to self; risk in general) for young adults were fixed-choice, using 
5-point Likert scales, and various anchor descriptions.  It was initially observed that the 
two response categories at extreme ends of the scale were infrequently chosen, therefore 
in view of the sample size, ratings were collapsed for statistical analysis, resulting in a 
three point (negative/neutral/positive) scale (i.e., 1 & 2; 3; 4 & 5). 
 
Information about the use of hearing protective strategies was obtained primarily from 
the “leisure table” section of the survey, also described in Chapter 4.  Similar data were 
available for participants in both age subsets, but very few of the younger participants 
had experience with the use of PHPs.  Therefore, results presented are those of the 
young adult respondents. 
 
It was beyond the scope of the current research to include a direct QoL measure, 
however, participants were given many opportunities to provide unstructured 
comments, many of which provided insight into the interactions between hearing 
disability and the social environment.  Some of these comments are used to illuminate 
the following findings.  The standard criterion for statistical significance for all tests 
was α = 0.05.  IBM© SPSS© Statistics, version 22, was used for statistical analyses. 
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RESULTS 
Attitudes 
Using the Pearson’s Chi-squared test, responses to seven fixed choice items (Q. 15 – Q. 
21) were analysed to compare the attitudes of the HI and NH groups to leisure-noise 
risk.  Results were as follows: 
Q. 15 Are you worried or concerned about the possibility of YOUR hearing getting 
worse in the future? [not at all  very much]  
No statistically significant difference between the young adult HI and NH groups was 
observed. 
Response Negative Neutral Positive 
HI group 26.6% 24.1% 49.4% 
NH group 15.3% 22.1% 62.6% 
 
Q. 16 How likely do you think it is that your hearing will change in future?  
[not at all likely  very likely] 
The difference between the young adult HI and NH groups was statistically significant, 
with more HI participants perceiving a future change in hearing as unlikely than the NH 
participant group (χ2 = 23.235; df =  2;  p < 0.001). 
Response Negative Neutral Positive 
HI group 35.9% 21.8% 42.3% 
NH group 9.2% 38.5% 52.3% 
 
As a sub-question to this item, the adolescent HI participants only were asked:  
“If your hearing changed, do you think it would: Get worse (poorer)/ Get better/ Go up 
and down (fluctuate).”  Half the respondents (50%) believed that hearing would get 
worse, while 17.4% thought their hearing would get better, and almost a third (32.6%) 
believed their hearing would fluctuate. 
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Q. 17 In terms of hearing damage from loud sound exposure: How risky do you think 
your own activities are? [very low risk  very high risk] 
No statistically significant difference between the young adult HI and NH groups was 
observed. 
Response Negative Neutral Positive 
HI group 44.3% 34.2% 21.5% 
NH group 33.3% 34.1% 32.6% 
 
The adolescent HI participants were asked; “Could things YOU do cause permanent 
hearing damage?” [no; maybe; very likely].  Responses were: no = 43.5%; maybe = 
39.1%; very likely = 15.2%. 
 
Q. 18 How risky do you think using a personal stereo (iPod, MP3 player) is for most 
young people? [very low risk  very high risk] 
No statistically significant difference between the young adult HI and NH groups was 
observed. 
Response Negative Neutral Positive 
HI group 7.6% 20.3% 72.2% 
NH group 3.1% 21.4% 75.6% 
 
Q. 19 In general, how risky do you think activities such as night-clubbing or loud 
concerts are? [very low risk  very high risk] 
No statistically significant difference between the young adult HI and NH groups was 
observed. 
Response Negative Neutral Positive 
HI group 3.8% 13.9% 82.3% 
NH group 2.3% 12.2% 85.5% 
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Q. 20 In general, how much do you think exposure to loud sound during leisure 
activities contributes to people’s hearing getting worse, or to developing a hearing loss 
later in life? [very little  very much] 
No statistically significant difference between the young adult HI and NH groups was 
observed. 
Response Negative Neutral Positive 
HI group 13.9% 22.8% 63.3% 
NH group   6.1% 26.0% 67.9% 
 
Q. 21 In terms of causing hearing damage: On average, how risky to you believe the 
leisure activities of other people your own age are? [very low  very high] 
The difference between the young adult HI and NH groups was statistically significant, 
with less HI participants perceiving risk than the NH participant group. 
(χ2 = 7.898; df = 2; p = 0.019). 
Response Negative Neutral Positive 
HI group 11.4% 36.7% 51.9% 
NH group 5.4% 23.8% 70.8% 
           
Protective behaviours 
For each leisure activity profiled in the survey, participants were asked to indicate 
whether PHP was used [no; sometimes; mostly/always].  For participants with HI, 
wearing hearing aids switched off during noise was accepted as a form of PHP, as the 
earmould of the hearing aid can provide some attenuation of noise (Berger, 1987; Hètu, 
et al., 1992).  Figures 7.1 and 7.2 present the proportion of HI and NH young adult 
participants reporting use of PHP respectively.  The figures in brackets after each 
activity description refer to the number of respondents reporting participation in that 
activity. 
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Figure 7.1: Hearing protectors used (PHP and/or inactive hearing aids in situ), HI group. 
 
Note: Various numbers (by activity) as PHP question answered only by those who have 
participated in activity (frequency and duration of participation also vary across individuals). 
 
 
Figure 7.2: Hearing protectors used, NH group. 
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HI participants were also asked to indicate whether hearing aids were used, switched on, 
during each of the leisure activities surveyed.  The results are presented in Figure 7.3. 
 
 
Figure 7.3: Hearing aid use during leisure activities. 
The data presented in Figures 7.1 and 7.3, while very informative, do not capture how 
device and PHP use in noise may combine.  The following Table (7.1) presents a 
summary of device and PHP use for the five participants (HI group) estimated to have 
the highest whole-of-life noise exposure; as per the analysis described in Chapter 4.
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Table 7.1: Hearing aid and PHP use among five HI participants with the highest whole-of-life noise exposure. 
 
Notes: All exposures were above the acceptable criterion for the individual’s age. 
Shift was not analysed for cases shown using cochlear implants. 
* HTL shift refers to criterion 1 and/or 2 described in Chapter 5. 
† HF shift refers to criterion 3 in Chapter 5 (i.e. shift at 2 &/or 4 kHz only). 
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Participants were also asked:  
Do you prefer to avoid some places (e.g., clubs, dance parties), or activities (e.g., motor 
sports) because they are too loud? [no; yes – somewhat; yes – very much so] 
Of the young adult HI group, 40/79 (50%) gave an affirmative response; 11 of these 
selecting the response “very much so”.  Of the 40 participants responding affirmatively; 
12 (15%) cited “the risk of hearing damage” as the reason for avoidance, 25 (32%) 
“pain/discomfort”, and 35 (44%) “too hard to hear conversation”.  When all valid 
responses to this question for the total participant group were reviewed (11 – 35 year 
olds; n = 220) the number reporting avoidance, and the relative proportion of reasons 
given, were very similar to the findings for 18 – 24 year olds only.  Other reasons for 
avoiding leisure noise included: lack of interest in activities, poor sound quality of 
hearing aids, noise-induced symptoms (e.g., tinnitus, headaches) and self-consciousness 
or “feeling dumb”.  Parent discouragement to participate was also emphasised by one 
participant. 
 
DISCUSSION 
As noted, the results presented in this chapter represent a limited analysis of a very 
comprehensive survey.  To provide the reader with a broader sense of the issues 
relevant to participants, a selection of survey comments are also included in the 
following discussion.  Of the seven questions probing young adults’ attitudes to leisure-
noise risk presented here, statistically significant differences between the HI and NH 
groups were only observed for two items.  Firstly, the likelihood of one’s own hearing 
changing in future, and secondly the risk of leisure-noise exposure causing hearing 
damage to people of one’s own age.  The direction of the difference in ‘concern about 
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future hearing change’ was perhaps unexpected; with just over a third of the HI young 
adult group expecting no change in their hearing compared with just under one in ten of 
the NH group.  It was also very interesting to observe that among the adolescents in the 
HI group, 17% believed their hearing would get better.  As noted in Chapter 5, prior to 
this research little evidence about the prognosis of HI (in terms of HTL shift) was 
available.  Given the potentially negative ramifications of HTL deterioration, it is 
possible that the risk of worsening hearing may be underplayed during information 
counselling, both for young people with HI and their parents.  In contrast, young people 
in the mainstream have been subject to extensive media and educational messages about 
the risk of noise-induced hearing loss (NIHL).  The following comment, however, 
indicates the risk-awareness and motivation to protect residual hearing, of one young 
adult participant (HI group): 
“Growing up I have always been wary that loud sounds damage hearing, even if 
that's not what caused my own hearing loss.  I try and avoid loud situations if I can, 
mainly because it is frustrating for me to have a conversation with someone in a louder 
setting, but otherwise because I try and discourage my friends from damaging their 
hearing.” 
 
Approximately half the HI group perceived their peer group to be at risk from leisure 
noise (as did the participant quoted above), compared with 70% of the NH group.  The 
reason for this statistically significant difference is not immediately obvious.  It is 
interesting that both HI and NH young adults perceived their own noise risk to be 
relatively lower than that of their peers.  This mirrors the attitudes of parents to 
children’s risk detailed in the previous chapter, and the findings of other health 
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behaviour research (Gilliver et al., 2012).  Of relevance in this respect, one young adult 
participant with HI noted, “I feel like trying to preserve your hearing in today's society 
is fighting a losing battle…. The music and noise levels my peers are subjecting 
themselves to is bridging the gap between my hearing loss and their hearing levels.” 
 
Consistent with previous studies of hearing health and attitudes, reported PHP use was 
very low in both the HI and NH groups, as illustrated in Figures 7.1 and 7.2.  No 
statistically significant difference between groups was observed.  This provides 
evidence that risk awareness does not necessarily motivate a young person to take 
protective action.  An adolescent participant with HI stated: 
 “Young people listen to music through headphones/ear buds a lot and at high 
volumes, however it doesn't bother me (or others I know) that it could have a 
detrimental impact on my hearing.  We know about the effects of loud noise on our level 
of hearing as well as how to protect it, but (generally) we don't care and will continue 
to do this anyway.” 
 
Among the young adults with HI, use of hearing aids (i.e., switched on) in a range of 
noisy situations was quite frequently reported; even during activities such as using 
power tools and, in a few cases, while using firearms (as illustrated in Figure 7.3).  It is 
possible that hearing aids are sometimes worn in combination with earmuffs, however 
given the low reported usage of PHP overall it appears this would not frequently be the 
case.  Supporting the speculation that hearing aids and PHP may be used 
simultaneously, one adolescent participant (HI group) noted, “I wear my hearing aids at 
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all times.  When it comes to loud sounds or metal work/wood work at school when I 
need to use the earmuffs I still leave my aid on.” 
 
The individual case details provided in Table 7.1 provide more perspective on the 
possible combination of factors.  The final individual described (male; 23 yrs) is 
particularly noteworthy; reporting constant use of hearing aids in high-noise situations, 
both recreational and vocational (building industry).  Although the association between 
whole-of-life noise exposure and HTL shift was not observed in the group data, this 
individual has experienced very significant deterioration in hearing over time.  Clinical 
case notes attested to repeated professional advice about the risk of noise-induced 
permanent threshold shift (NIPTS), however the individual appears to have placed the 
need for audibility above the risk of further hearing loss.  His chosen vocation 
necessarily involves frequent noise exposure. 
 
The finding that many young people wear their hearing aids in high-noise environments 
may surprise audiologists, who are generally responsible for delivering hearing loss 
prevention messages to this group.  However, the frequent use of hearing aids and low 
use of PHPs in noisy situations probably reflects the reality that people with HI depend 
on amplification to communicate effectively (regardless of the environment) and also 
need to hear warning sounds in a range of situations.  The following comment from an 
adult participant (HI group) highlights the need for connection with the auditory 
environment: 
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“Occasionally I find it hard at work (preschool) with all the children yelling, at 
times screaming.  When talking all at once it can cause me headaches and ringing in my 
ears.  Sometimes I've worn earplugs although this isn't good for safety.” 
 
Another comment about the use of hearing aids in noise speaks to the belief that hearing 
aids may have a protective function, rather than increase the risk of noise injury.  A 
young adult noted, “I find that if the sound is too loud, the hearing aid often blocks it 
anyway because it does not have the capacity to take in sounds at that level (this is my 
belief).” 
Given the advanced signal processing features in current digital hearing aids, this may 
be a valid observation, however, there is currently insufficient systematic evidence to 
confirm this.  Furthermore, such technological benefits may not be universally 
appreciated, despite advantages in terms of listening comfort or hearing aid safety. 
Another participant stated: 
“To be honest I hate getting new hearing aids, as the sound is always different 
and it’s unnatural that the technology in the new hearing aids increases the volume of 
the soft sound and lowers the volume of the loud sounds. I would prefer to hear like 
everyone else and hear the sounds the way they are naturally.” 
 
Limitations 
Overall, the hypothesis that that HI is associated with heightened awareness and 
concern about noise-injury risk was not supported by this analysis.  However, as noted, 
this work is introductory and it should also be noted that multiple comparisons have 
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been made without correction.  While these results are descriptive, if a Bonferroni 
Correction were used the results would remain statistically significant. 
 
CONCLUSIONS 
Like their peers with NH, despite perceiving leisure noise as a risk, very few HI 
participants reported protective behaviours and many reported wearing hearing aids 
during noisy activities.  As noted in Chapter 4, hearing loss prevention campaigns that 
address noise reduction in leisure environments, rather than attempting modification of 
individual behaviour, may be more effective in reducing the risk of NIHL overall.  As 
well as moderating the risk of hearing loss, noise reduction in venues would result in 
more inclusive social environments, particularly for the many individuals affected by 
HI. 
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CHAPTER 8 
DISCUSSION 
 
This is the first research to address the primary question: What are the implications of 
leisure noise for young people with hearing impairment? Measures of leisure 
participation, whole-of-life-noise exposure and HTL shift were central to this 
investigation.  Unlike many previous studies pertaining to early hearing impairment 
(HI), this research focused on wearers of binaural hearing aids.  Beyond the context of 
leisure noise, formative evidence about HTL shift in young people with HI has also 
arisen from this work. 
 
PREVIOUS LITERATURE 
There is little previous research with which to compare the findings of this multi-faceted 
investigation.  As noted in the introductory comments, much of the previous research 
relating to young people with HI has focused on language and educational outcomes, 
and more studies have involved participants with cochlear implants (and severe or 
profound hearing loss) than wearers of hearing aids only.  Even putting the leisure-noise 
factor aside, there has been relatively little past research regarding HTL shift in young 
people with HI.  The incidence of HTL shift estimated in this research was similar to 
that of a much earlier study (Barr & Wedenberg, 1965) which used similar methods and 
participant inclusion criteria.  The incidence of HTL shift estimated in the current study 
was ~50% (refer to Chapter 5) and in the previous study, 55%.  These findings are 
consistent with the general observation of Reilly et al. (1981, p. 333) that, “irrespective 
of hearing aid use, progressive hearing loss is not uncommon in children.” 
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Importantly, there had also been no study of the leisure behaviour profiles of young 
people with HI prior to this research.  As a result, the whole-of-life noise exposure of 
this group was entirely unknown.  In contrast, there has been a profusion of previous 
research concerning the leisure-noise exposure and HTLs of young people with NH in 
early life.  In this thesis, the leisure participation and whole-of-life noise exposure of a 
large group of participants with HI have been documented for the first time.  These 
profiles were also compared with an extensive, age-matched cohort with NH. 
 
As detailed in Chapter 4, it was shown that the leisure activity (and hence whole-of-life 
noise exposure) of adolescents with HI and NH were similar.  However, young adults 
with HI had lower whole-of-life noise exposure than their peers with NH.  This related 
to significantly lower participation of the young adult HI group in some leisure 
activities; particularly social events such as attending pubs or clubs (see Chapter 4).  
Previous research addressing participation among young people with physical 
disabilities has similarly shown a decline in leisure participation from adolescence to 
young adulthood (King et al., 2006).  Barriers to participation for young adults with HI 
were also identified by Punch et al. (2004), who investigated issues surrounding the 
transition of young people with HI from education to the workplace. 
 
There were no previous studies of the attitudes of parents of young people with HI 
towards leisure-noise exposure and associated risk, nor were there any previous data 
available concerning the attitudes of young people with HI themselves, as noted in 
chapters 6 and 7. 
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ATTAINMENT OF RESEARCH OBJECTIVES 
To briefly review, the five main objectives of this research were: 
(1) To investigate the leisure-activity profiles and (2) the whole-of-life noise exposures 
of young people with HI, (3) to investigate the incidence of HTL shift, (4) to examine 
relationships between HTL shift, leisure-noise exposure and other factors relevant to 
noise-induced hearing loss (NIHL) in young people with HI, and (5) to compare the 
attitudes of parents of adolescents with HI and NH about leisure noise and everyday 
risks.  Four key research questions were posed which not only addressed the 
implications of leisure noise in physical (quantitative) terms, but also touched upon 
wider QoL issues for young people with HI.  The importance of professional attention 
to QoL issues for adolescents with HI (in contrast to the usual focus on speech-language 
performance) was emphasised recently by other authors (Warner-Czyz et al., 2015). 
 
The leading research question (addressed in Chapter 4) asked: How do the leisure 
activity profiles and whole-of-life noise exposures of young people with HI compare to 
those of their NH peers?  The main finding, from a quantitative point of view, was that 
few adolescents (with HI or NH) had leisure noise exposure above a widely accepted 
risk criterion for noise injury.  It was also shown that few young adults with HI had 
whole-of-life noise exposure above the stated risk criterion, and that the median 
exposure of the HI group was lower than for the group with NH.  Importantly, beyond 
the quantitative aspect, it was revealed that the lower noise exposure of young 
participants with HI arose from lower participation in a number of leisure activities that 
are socially important and valued by the wider peer group (as noted above).  It is 
important to note that the analyses of leisure profiles (described in Chapter 4) pertained 
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to participants who had no disabling conditions in addition to hearing impairment.  
Approximately one in four participants with HI, however, reported another disability or 
serious health condition.  The relative restriction observed for young people with HI in 
the current analyses may be magnified when other disabling conditions are a factor.  
Many free comments made by participants with HI spoke to issues of exclusion in 
everyday situations.  When asked which activities are made difficult, or are missed out 
on, because of hearing loss, participants (all > 18 years of age) made the following 
remarks: 
“I find it very difficult to hear people in places including shopping centres, 
restaurants, etc.” 
“Socialising in group and not being able to catch up on what group is 
discussing about [sic]. Group conversations are usually hard for me.” 
“Being hit on at dance clubs never went down well.  Having a conversation at a 
pub can get too exhausting.” 
“Any sport that requires verbal instructions.” 
“Anything involving water, because I cannot communicate without my hearing aids.” 
“Work opportunities.” 
“Always found it difficult socially to make friends and follow conversation because of 
my hearing loss. Sometimes I would not go to school or go out with friends because I 
had bad hearing or tinnitus….” 
“Water sports, swimming with friends, surfing, concerts or theatre.” 
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It is important, however, not to assume that feelings of isolation or deprivation are 
universal among young people with HI, as the following statements from two adult 
participants in the current research attest: 
“Please do not conclude that avoidance leads to isolation for me.  Thank you.” 
“[I] am happy with all and have been used to all my life & experienced 
amazingly in cochlears now which I loved it [sic].” 
 
Many participants with HI (and parents) also detailed positive strategies for overcoming 
hearing-related difficulties.  It should also be emphasised that the perceived ‘success’ of 
participation was not probed in the current research and, furthermore, what constitutes 
‘successful’ participation depends very much on the perspective of the individual.  
‘Success’ may encompass a range of benefits such as having fun, being with others, 
acting independently, accomplishment, or task completion (Coster et al., 2012).  
‘Successful’ participation could also be regarded as a good fit between a young person’s 
interests and capabilities (Heah et al., 2007; Coster et al., 2012). 
 
While there have been numerous studies examining the barriers to participation for 
young people with mobility-related disabilities, there has been far less consideration of 
the environmental factors that affect the participation of children and youth with other 
types of disabilities (Coster et al., 2012), including HI.  As noted above, a large 
proportion of young people with HI have additional disabling conditions, and the 
special issues for this group have also not been widely investigated.  Specialised 
professional services in such cases are not always well integrated.  As noted, the lack of 
studies of self-esteem and quality of friendships in children and adolescents with 
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hearing loss has also been emphasised recently (Warner-Czyz et al., 2015).  The extent 
of the personal impact hearing impairment can impose, and the significance of attending 
to the psychosocial issues for young people with HI (both in research and clinical 
practice) was captured in the following comment, made by an adolescent participant in 
the current survey: 
  “I hate being deaf.  I hate people being able to see my hearing aids. I hate being 
bullied because I am different. I am lucky to have good support from my family, hearing 
teachers and audiologist, but I wish there was a cure.” 
 
As noted, the current research did not include a direct QoL measure; that is, an 
instrument allowing participants to provide an account of satisfaction across various life 
dimensions (Colver, 2006).  However, survey development and analysis methods were 
informed by literature from family and occupational therapy (OT), resulting in the 
inclusion of items that have allowed a more holistic interpretation of findings.  For 
example, insight was gained into the hierarchy of reasons that young people with HI 
avoid leisure noise, including physical discomfort in loud environments and, most 
frequently, the communicative challenges imposed by hearing disability (see Chapter 7).  
The unstructured comments made by participants also provided many valuable insights 
in this respect.  Understanding these factors, at least in part, is critical to the meaningful 
interpretation and translation of research into (re)habilitative practice.  While it was 
beyond the scope of this thesis to fully explore all the findings from a qualitative 
viewpoint, these data are a valuable resource from which further publications and/or 
other educational materials could subsequently be generated. 
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In response to the second research question: What is the incidence of HTL shift in young 
people with early-diagnosed HI? (addressed in Chapter 5), it was shown that in the 
absence of other aetiological factors for progressive hearing loss, and regardless of the 
profile of leisure activity and whole-of-life noise exposure, half the young participants 
in this study had experienced some degree of HTL shift prior to the time of 
participation.  Shifts observed, however, were typically small in magnitude.  
Observations of HTLs over time typically focus on the serial (or ‘continuous’) 
audiograms of individuals.  The application of a survival analysis technique to study and 
compare the HTL shift of different cohorts used in this research was a unique approach, 
which could be usefully applied to other cohorts and data sets. 
 
The third research question asked: What factors are associated with HTL shift in early-
diagnosed HI?  As noted in Chapter 5, the relatively small spread of whole-of-life noise 
exposures among participants with HI restrained the generalisability of the findings.  
Nevertheless, it is very relevant to note that in the preceding research (in which most 
participants had NH and a much larger proportion of participants had whole-of-life 
exposure clearly above the criterion LAeq,8h of 85 dB), there was similarly no 
relationship observed between noise exposure and the statistical distribution of HTLs 
(Williams et al., 2015).  The association between HF (i.e., 2000 and/or 4000 Hz) shift 
and the presence of initial HTL at 2000 and/or 4000 Hz ≥ 70 dB, observed in the current 
research was, however, very clear.  As highlighted in Chapter 5, at age (approximately) 
15 years, almost 50% of cases with a HF HTL ≥ 70 dB at initial audiogram had 
experienced a HF shift ≥ 15 dB, compared with just one in five cases in which HF 
HTLs were ≤ 70 dB at initial audiogram.  This association could plausibly relate to 
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hearing aid amplification; as per predictions made by Macrae (e.g., Macrae, 1994b), and 
more recently by Ching et al. (2013), that some HTL shift is inevitable in cases of 
severe or profound hearing loss.  As noted, associations between HTL shift and other 
factors of interest (gender, 4FAHL, music attendance/performance and hearing aid use) 
were not observed in this analysis.  It is noteworthy that individual participant hearing 
aid data collected in this research (which are not presented in this thesis) suggested that 
hearing aids of participants were generally fitted appropriately according to (NAL) 
prescriptive targets.  As discussed, the overall leisure-noise exposure of the cohort with 
HI was also relatively conservative; therefore associations between HTL shift, noise 
exposure, and hearing aid use (daily duration and user volume control setting) were 
probably not to be expected.  As the participants for this study were not a typical 
convenience sample (i.e., there was variation in geographic location and socio-
economic status among individuals) these findings may, however, be representative of 
the broader population of young Australians with HI. 
  
As discussed in Chapter 3, the previous literature relating to the effects of leisure noise 
on HTLs appears, overall, to have over-stated the noise-injury risk; at least in terms of 
pure tone HTL shift.  The findings of this research also suggest that with respect to 
young people with HI, leisure noise may not be a particular menace, mainly due to the 
general tendency of this group to avoid very loud environments.  The high standard of 
hearing aid fitting currently available to young Australians may also be a factor.  
However, it is important to reiterate here that auditory system damage may precede 
observable changes in the pure tone audiogram (Axelsson, 1991; Axelsson et al., 1994; 
Smith et al., 2000; Kujawa & Liberman, 2009; Jin et al., 2013; Plack et al., 2014), and 
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hearing symptoms (e.g., tinnitus) may also herald damage despite normal audiometric 
findings (Schaette & McAlpine, 2011).  To date, the literature is silent as regards how 
the already hearing-impaired human ear could suffer further deficits as a result of noise 
exposure (apart from HTL shift); for example, changes in speech discrimination abilities 
in background noise, onset or increase of tinnitus and so on. 
 
The fourth, and final, research question (addressed in Chapter 6) asked: How permissive 
(or restrictive), are parents of adolescents with HI, compared with parents of young 
people with NH?  Both in terms of leisure-noise risk, and broader issues of participation, 
this question was highly relevant.  Previous research has shown that parents have a role 
in facilitating young people’s participation and managing perceived risks, particularly 
where disability is involved (e.g., Forsyth & Jarvis, 2002).  In this research, while 
differences in the attitudes of parents of children with HI and NH emerged, concerns 
among parents of children with HI were not focused on the fear of noise injury.  While 
parents of adolescents with HI were not overly concerned about leisure-noise risk for 
their own children, they did show more difficulty overall than parents of children with 
NH in endorsing their children’s participation in a range of everyday leisure activities.  
It should also be reiterated that in the analyses described in Chapter 6, parent data for 
children with disabling conditions in addition to HI (and cases of EVAS) were 
excluded.  In preliminary analyses, with these data included, the differences between the 
HI and NH parent groups were magnified, and there were more statistically significant 
differences in parent’s ratings of specific leisure activities.  With specific regard to the 
parenting of children with HI, Watson et al. (1990) noted that many professionals have 
believed that imposing high levels of external structure will enhance child development.  
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The results of their research suggested, however, that flexibility in problem solving 
rather than increasing structure might be more conducive to social development.  It is 
possible that the tendency for more concern about everyday risk in parents of children 
with HI could increase the barriers to participation in everyday life activities for young 
people with HI. 
 
Family support and counselling 
Research in the fields of psychology, family, and occupational therapy (OT) has shown, 
however, that not all families succumb to poor outcomes in the face of challenge; some 
parents and children respond positively to risk – demonstrating the quality described as 
‘resilience’ (Hoffman, 2010).  Resilience research has shifted attention from a focus on 
individual ‘deficiencies’ towards individual strengths and successful adaptation in the 
face of adversity (including the presence of a disability).  Niehues et al. (2013) also 
reported that some parents who had experienced the uncertainty associated with 
parenting a child with a disability, showed the ability to perceive risk as an opportunity 
or challenge rather than as a threat.  Some parents of adolescents with HI in the current 
research, similarly, were among the least risk-averse of all parents surveyed.  A number 
of parents of adolescents with HI also provided positive statements; expressing their 
support of their child’s full participation in the activities of their peer group.  More 
deliberate professional support may assist parents in addressing their concerns about 
risk, thus increasing their flexibility in overcoming barriers to participation for their 
children with HI. 
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Counselling of young clients with HI has tended to be a limited aspect of audiological 
management but is very important, particularly during the ‘teen’ years when the impact 
of hearing loss can be the most obvious and influential (Altman, 1996; Elkayam & 
English, 2003).  Effective counselling involves more than the conveyance of factual 
information (e.g., discussion of the audiogram, HTL shift, use of devices).  It has been 
observed that audiologists may not feel capable of assuming responsibility for 
discussion of the social and emotional impacts of hearing loss (Elkayam & English, 
2003).  While it is not suggested that audiologists should intervene beyond the scope of 
their expertise, they may act as a catalyst in bringing problems that may have been 
recognised, but not actively addressed, by the family to the fore.  Altman (1996, p. 208) 
noted that, “sometimes simply bringing a problem into the open for discussion may be 
enough for a family to mobilize.”  Altman also observed that audiologists are capable, 
but may need supportive training to prepare for these broader types of intervention. 
 
Elkayam and English (2003) suggested that the use of formal (self-assessment) 
questionnaires can provide the client and audiologist with a more neutral point of 
reference, which helps to alleviate some of the discomfort of personal disclosure in this 
context.  The use of the Self-Assessment of Communication (SAC) (Schow & 
Nerbonne, 1982) with 12- to 18-year-olds with bilateral hearing loss was described by 
Elkayam and English (2003).  The SAC includes themes such as isolation, identity and 
self-concept, cosmetics, problem solving and, self-acceptance.  Elkayam and English 
added relevant items to the original instrument, including: “Do you think your hearing 
loss keeps you from doing things that may be fun?”  Combining a self-report measure of 
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this type with a measure of actual participation may be very useful in exploring the 
participation of young people with HI within the audiological management program. 
 
There are currently no formalised instruments specifically designed to measure the 
participation of young people with HI.  Existing scales, such as the CAPE (King et al., 
2006) are likely to be too detailed for practical use in typical audiological programs.  
There are also no specific instruments with which to investigate the attitudes of parents 
of children with HI regarding children’s everyday activities.  The measures used in the 
current research could be further developed as tools to assist professionals (including 
audiologists and specialist teachers) to gain insight into children’s participation and to 
identify individuals, or parents, requiring support in managing specific concerns. 
 
Identifying parents with different coping styles may also be useful in terms of setting up 
peer support among families.  There would be benefit in creating more opportunities for 
parents with greater flexibility or coping strategies to act as role models for other 
parents who experience greater difficulty.  In the Australian context, opportunities for 
contact between parents of children with HI are currently quite limited, particularly as 
most children now attend mainstream education.  Existing support groups are typically 
more directed towards parents with younger children.  The current findings indicate that 
the transition from adolescence to young adulthood (18 years +) may be a time when 
more support is needed, particularly in order to avoid diminishment in social activity 
participation post-school.  At the time of writing, there was also a dearth of organised 
support for, and opportunities for interaction between, adolescents and young adults 
with HI (as opposed to members of the Deaf community who use sign language as the 
-240-  
primary mode of communication, and have strong community networks).  It has been 
observed that the current predominance of mainstream education for adolescents may 
also be isolating for some individuals (Elkayam & English, 2003).  Hearing 
professionals need to be aware of support groups and services that do exist; for 
example, in the Australian context, the mentoring organisation for adolescents with HI, 
‘Hear For You’ (hearforyou.com.au).  Research into the strengths and successes of 
existing programs such as this may also help in increasing young people’s access to the 
support they need and, importantly, in increasing social interaction between young 
people with HI. 
 
Contributing to the development of problem solving and decision making skills of 
clients (and parents) is also an important professional service (Altman, 1996), and 
sharing information about hearing-related strategies among young people with HI and 
their families could play a more important part in audiological management.  
Participants in the current research provided valuable information about personal 
strategies that could be very gainfully disseminated. 
 
Building a multi-disciplinary approach 
As noted previously, literature from other disciplines informed the development of the 
current research methods.  It became clear that hearing-related professions could learn 
from, and work more closely with, the discipline of OT; in which practice has been 
influenced by the understanding that health is influenced by the ability to choose and 
participate in meaningful occupation (Heah et al., 2007).  Given appropriate 
professional orientation to the specific impacts of HI, OTs may be able to play a 
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valuable role in assisting young people with HI directly, given their expertise in the area 
of participation in everyday life, which includes both recreational and vocational 
involvement.  Altman (1996) also stressed that audiologists should consider referral to 
physical and occupational therapists, or mental health services, so that more specialised 
help can be obtained when required. 
 
RESEARCH HYPOTHESES 
As noted in the introduction, there were four research hypotheses. 
Hypothesis (A), young people with HI participate less in leisure activities than their 
peers with NH, and hence have relatively lower whole-of-life noise exposures, was 
confirmed for young adult participants.  This hypothesis was not, however, confirmed 
for adolescents.  Furthermore, self (and parent) averseness to leisure-noise risk was not 
found to be the predominant reason for difficulty with leisure activities.  Hypothesis 
(B), there is an association between whole-of-life noise exposure and HTL shift in 
young people with HI, was not confirmed.  As noted, the interpretation of this result was 
limited by the conservative noise exposure of the cohort.  The second part of this 
hypothesis, that greater exposure is positively associated with an increased incidence of 
HTL shift (i.e., there is an exposure-response relationship) could not be tested; again, 
because of the limited number of cases in which high levels of noise exposure were 
reported.  Hypothesis (C), frequent use of hearing aids in high-noise environments, and 
hearing aid use at higher than recommended volume settings, are associated with HTL 
shift was not confirmed using the current dataset.  Again, the conservative range of 
whole-of-life exposures of participants in this research limited the interpretation of the 
findings in this respect. Hypothesis (D), HI is associated with heightened awareness 
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and concern about noise-injury risk was supported in terms of parent attitudes.  Both HI 
and NH participants perceived leisure noise as a significant risk to hearing for the 
general population.  However, few participants perceived their own risk of noise injury 
as ‘very high’. 
 
CLINICAL IMPLICATIONS  
As noted, because the whole-of-life exposures of participants studied in this research 
were relatively conservative, findings presented in this thesis cannot categorically 
exclude leisure-noise exposure as a factor in HTL shift among young people with HI.  
The individual case of a young male working in the building industry and participating 
regularly in high-noise leisure activities (see Chapter 7; Table 7.1) is a reminder that 
there may well be exceptions to the group ‘norms’.  Nevertheless, this research 
(including its two extensive literature reviews) has put the issue of noise risk for young 
people with HI into a much clearer perspective.  Importantly, the surveys confirmed that 
many young people with HI dislike, and therefore avoid noisy situations, and showed 
that this is primarily because of communication difficulty.  A participant noted: 
“It's hard to socialise and with the loss of a sense can be very difficult.” 
 
In physical (i.e. mobility-related) disability it is very salient that technical aids cannot 
fully compensate for the impairment (Skär, 2002); some physical barriers simply cannot 
be changed (Shields et al., 2012).  The current findings are a reminder that despite many 
technological advances, the difficulties (particularly psychosocial) associated with 
hearing loss are not alleviated, even “by the world’s most sophisticated hearing aid…” 
(English, 2001, p. 10).  The observation has also been made that “group conversation in 
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some environments may be futile” (Cartledge et al., 1991, p. 38), and this remains the 
case even with current technology.  While assistive technology (e.g., use of wireless 
remote microphone technology) is now available to address these issues, at the time of 
writing devices still tended to be clumsy and often conspicuous, and require 
considerable cooperation from communication partners.  The stigmatising effect of 
using hearing devices also needs to be acknowledged. 
“[I] felt very conscious and insecure of having a problem and having to wear 
hearing aids for a long time and am still getting used to wearing them now that I have 
matured and am finding them to be necessary in the workplace (in particular)” (young 
adult participant statement). 
 
Furthermore, devices cannot be worn in all situations.  Water-related activities are a 
particular issue, although during the course of the current investigation new water-
resistant devices were becoming available.  It is also relevant to consider that over a 
long period of time, many early intervention programs for pre-schoolers (in Australia 
and other countries) have used an approach that coaches parents to promote hearing as 
their child’s primary sensory modality (i.e., ‘Auditory-Verbal’ therapy) (Pollack, 1970; 
AG Bell Academy, 2007).  This approach, which in the contemporary Australian 
context still dominates, may deprive young people of developing optimal skills in the 
use of other cues.  These cues become critical when attempting to communicate without 
the benefit of hearing aids and/or in degraded listening environments.  The use of 
augmentative strategies, including finger spelling or basic signing, may also have been 
underutilised.  There is also evidence that students with HI may lack skills in managing 
communication breakdown.  Even when aware of strategies, young people may be 
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unwilling to initiate communicative repair (Stinson & Liu, 1999).  This is likely to 
relate to issues of assertiveness, or confidence and self-esteem, as raised by Warner-
Czyz (2015).  The possibilities for improving listening environments (as noted in the 
conclusion of Chapter 4) also need much more exploration, as emphasised by a 
participant in the following statement: 
“Sound proof systems need to be architecturally installed in all buildings to suit 
what's best for the particular environment.  This is to be highlighted in the architectural 
and construction industry.  Also, the social behaviour of some groups need the 
indication of a ‘suitable talking level.’” 
 
Although the association between leisure noise and HTL shift could not be tested 
exhaustively, the broader observations of HTL shift in a young cohort with HI made in 
this research have provided some very important prognostic insights.  In the absence of 
systematic evidence about the nature of HTL shift in young people, audiologists may 
previously have approached the topic of HTL shift with caution, possibly even avoiding 
direct reference to prognosis with young people and/or their parents.  In the absence of 
any clear evidence base concerning prognosis, it is also possible that some young people 
with HI have suffered apprehension about the possibility of HTL shift or, alternately, 
been quite unaware of the possibility that HTLs can change over time.  The finding that 
around 17% of adolescents believed their hearing may improve over time, and almost a 
third believed their hearing would fluctuate (as opposed to deteriorate) (see Chapter 7) 
supports this supposition. 
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The research presented in this thesis has provided a scientifically defensible estimate of 
the incidence of HTL shift, where there were no known risk factors for hearing 
deterioration.  Importantly, it has been revealed that hearing deterioration during 
childhood/adolescence is not inevitable.  The finding that only half the participants in 
the current study showed evidence of HTL shift by adolescence/early adulthood may 
provide a welcome perspective to parents of infants and children diagnosed with hearing 
loss.  It may also be reassuring for parents to know that there is evidence that the 
magnitude of shift observed by early adulthood is typically quite small (e.g., in the order 
of only 5 – 10 dB at the 50th percentile at age 20 years), given no obvious risk factors 
for deteriorating hearing (e.g., EVAS) are present. 
 
While HTL shifts among young people without risk factors for progressive hearing loss 
are typically small, this is not to say that small shifts are of no consequence to affected 
individuals (or their parents).  Even a small HTL shift may create great concern.  The 
nomenclature widely used in describing the degree of hearing loss may also be 
significant in this respect.  A small HTL shift  may result in an individual’s hearing loss 
moving from one ‘category’ to the next; for example from “moderate” to “severe” 
hearing loss, which can be psychologically very significant for a young person with HI.  
The author has directly observed such occurrences, for example, hearing an adolescent 
client tearfully state after audiometry, “if only I was not ‘severe’”, and this young client 
(and others) obviously striving hard to achieve “better” audiometric results from test to 
test.  In this context, it is emphasised that the commonly used descriptions of ‘degree’ of 
hearing loss are somewhat arbitrary and may not correspond completely with functional 
impairment.  Discussing hearing loss with young people in these terms alone may 
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therefore be a crude, and sometimes confronting approach.  As noted previously, at the 
time of writing, even a universal audiometric criterion to distinguish between “normal” 
hearing and hearing “loss” was yet to be established (Schlauch & Carney, 2012). 
 
The main findings of this research could be used to address some of these troubling 
uncertainties in simple terms.  For instance, it may be helpful to inform young people 
that hearing may deteriorate, but is just as likely to remain quite stable, or can 
sometimes fluctuate.  There may also be real benefit in educating young people that a 
change in hearing is not a ‘failure’ or a catastrophe, and explaining clearly the reasons 
that HTLs are monitored; in particular, to determine whether medical intervention is 
required and to ensure assistive technology continues to be optimal.  More emphasis on 
the relationship between the pure tone audiometry and the hearing aid evaluation, with 
an emphasis on the advantages of ‘fine tuning’ or updates to technology, may make the 
issue of small shifts in HTL less threatening to young people and their parents.  The 
burdens on young people in this respect are an important reason to continue to expand 
the evidence base about HTL shift gained through this research.  Another important area 
for further consideration is the relationship between pure tone HTL shift and changes in 
functional performance, and determining how these observations can be most 
meaningfully communicated to young people, their families and teachers. 
 
Given the evidence provided by this study, that many young people wear hearing aids 
regularly in high-noise environments, the question of whether digital signal processing 
in hearing aids has improved safety is worthy of further consideration.  Specifically, it is 
important to determine the extent to which automatic gain control and/or super-
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directional microphones may be regarded as substitutes for personal hearing protection.  
Although it was revealed that young people with HI typically regarded their risk of 
NIHL as lower than that of their peers, this is not to say that the possibility of NIHL is 
of no concern overall.  Apprehension about amplification-related risk may also be an 
issue.  A participant in the current study stated, “I'm worried that wearing hearing aids 
has the same effect as wearing earphones/headphones on my hearing.” 
Conversely, the belief that hearing aids can act in a protective fashion was also 
expressed by a participant in this research (as noted in Chapter 7). 
 
The question of whether hearing aids can provide actual protection from NIHL has 
received little scientific attention to date.  The possibility was explored by Berger 
(1987) and Hètu et al. (1992) but primarily in respect to the physical attenuation 
provided by the hearing aid earmould (i.e., when aids were worn switched off [inactive] 
in high-level noise).  Furthermore, as already discussed, hearing aid technology has 
changed significantly over the last two decades.  Contemporary hearing aids often do 
not require such occluding fitting in the ear as past technology, as a result of digital 
feedback reduction and receiver-in-canal technology.  As a result, the coupling of the 
hearing aid in the ear may now provide less attenuation for many wearers when devices 
are used inactively. 
 
METHODS ISSUES 
While the conservative whole-of-noise exposure of young people with HI limited the 
generalisability of results, this was not a shortcoming of the methodology of this 
research.  That is, there is no apparent reason to believe that the sampling method used 
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in this research led to the particular exclusion of individuals with high levels of noise 
exposure.  As noted previously, a convenience sampling method (see Patrick et al., 
2011) was avoided.  Considerable effort was made (including travel to country locations 
to obtain data) to increase the diversity of the participant group.  Of course, some self-
selection will have occurred.  In particular, participation is likely to have been lower 
among families for whom spoken English is not the first language, or with low literacy, 
given the length and complexity of surveys used. 
 
The overall participation rate was relatively low.  As noted previously, around 14% of 
potential participants provided with an invitation package (i.e., AH clients) took part.  
However, of those giving consent to participate, the survey completion rate was very 
high (over 90%), and survey completion was generally of a very high standard.  As 
noted, the time demands placed on young people with disability (and their parents) in 
terms of therapy, special education and research participation is significant.  NAL 
frequently invites families attending AH to participate in a range of studies.  This may 
be a factor in the relatively low participation rate in this survey. 
 
The test-retest reliability of the surveys used in this study is currently untested.  
However, as mentioned in Chapter 4, there is some evidence of convergent validity (see 
Colver, 2006) when the results for participants with NH are compared with other 
leisure-noise research using a different instrument and methodology (Beach et al., 
2013c).  The consistency between leisure profiles of the HI and NH adolescent groups 
also supports the robustness of the leisure participation measure used.  Importantly, the 
HI and NH adolescent participant groups were recruited using entirely different 
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approaches, yet there was a strong convergence in leisure profiles.  Another strength of 
the study was that the population sample from which NH data was drawn was both very 
large and diverse. 
 
As regards the profiling of leisure participation in this research, the measure used in this 
study was confined to frequency and diversity of participation, given that the main 
objective was to estimate whole-of-life noise exposure.  In broader QoL terms, it has 
been emphasised that frequency of participation in isolation is a simplistic indicator that 
does not capture other important aspects of participation, such as involvement or 
engagement (Coster et al., 2012).  Coster et al. also questioned the prospect of defining 
normative patterns of participation, even within a given population (or culture).  In 
order to quantify the personal costs of leisure noise for young people with HI, more 
evidence is needed about the disabling effects of hearing loss in terms of participation in 
everyday life.  There remains a need to categorically determine both the safety of 
modern hearing aids when used in noisy environments, and the extent to which the 
current technology provides actual protection from noise-induced permanent threshold 
shift (NIPTS), as noted above.  Improvements in technology make in situ measurement 
of hearing aid output in real-life environments more feasible than in the past.  The use 
of virtual (‘3D’) sound environments, which have been developed since the current 
research was conceived, may also be useful in facilitating the extension of the evidence 
base about hearing aid performance in noise.  Future studies should ideally target the 
small group of hearing aid wearers who have estimated whole-of-life noise exposures 
above acceptable limits. 
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There remains a need for an uncomplicated procedure for calculating individual noise 
risk for individuals with HI (as noted in Chapter 4), based on readily available 
information such as the audiogram, leisure and work activity profile and hearing aid 
characteristics.  NAL has already developed an online risk-assessment tool targeting 
young people with a normal-hearing baseline; “Know Your Noise” 
(knowyournoise.nal.gov.au).  This online tool would provide a convenient platform for 
the implementation of a specific educational program for hearing aid wearers.  In situ 
hearing aid measurements obtained in real-life (or simulated real-life) environments are 
essential to the development of specialised tool such as this. 
 
SUMMARY 
Noise injury is a physical phenomenon which arises from human behaviour.  This 
research indicated that most young people with HI surveyed had whole-of-life noise 
exposures below a widely accepted criterion for noise-injury risk.  In young adulthood, 
the exposure of participants with HI was significantly lower than that of their peers with 
NH overall.  However, a small percentage of individuals did report participation in 
high-noise activities and frequent use of (active) hearing aids during this participation.  
Even in the absence of risk factors for progressive hearing loss (including evidence of 
overamplification), around half the participants (with early HI) had experienced HTL 
shift. 
 
CONCLUSIONS 
The mantra that ‘noise destroys’ is very familiar in contemporary society.  For young 
people with HI, this research has shown that while noise may not be widely implicated 
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in the destruction of residual hearing, it nonetheless has a great and insidious capacity to 
socially marginalise.  Early hearing impairment continues to challenge young people in 
a variety of ways that even the latest high technology devices cannot entirely remediate.  
Given the importance of hearing aids in allowing effective communication and in 
perceiving warning sounds, professional advice to avoid the use of amplification in 
high-noise environments is impractical.  This research has highlighted the need to 
continue the development of assistive technology, for example, exploring the capacity 
for active hearing aids to provide hearing protection while still allowing audition of 
target sounds (especially speech).  Meanwhile, young people with HI need to be 
encouraged to use every possible strategy and mode of communication without 
restriction, in order to ameliorate communication difficulty in adverse listening 
environments.  Finally, strategies (including legislation) to reduce leisure noise in public 
environments would decrease the risk of NIHL, both for young people with HI and the 
general population.  Reduction of leisure noise in mainstream society would also make 
conversation easier, and more fulfilling, for all communication partners – regardless of 
their age or hearing status. 
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APPENDIX 1 
Ethics approvals. 
Appendix 1.1 
 
 
126 Greville Street 
Chatswood NSW 2067 
Australia 
T  (02) 9412 6872 
F  (02) 9411 8273 
 
 
 
 
11 August 2009 
 
 
 
TO WHOM IT MAY CONCERN 
 
Re: Ethics Application for Project AS08.1a : Hearing, hearing aid use, and leisure in 
adolescence and early adulthood (iHEARii) 
 
Dear Lyndal, 
 
This is to notify you that your ethics application for the above project was discussed at the 
August 2009 meeting of the Australian Hearing Human Research Ethics Committee and 
approval for your project has been granted (Approval Number: AHHREC2009-3). 
 
Annual reporting to the Committee on progress of the project is required. This will happen in 
June/July each year, and you will be informed near the time. 
 
Yours sincerely, 
 
 
 
Dale Treglown 
AHHREC Secretary 
 
 
Cc: Warwick Williams 
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Appendix 1.2  
 
 
Australian Hearing Human Research Ethics Committee 
Application form for approval by the Australian Hearing Human Research Ethics 
Committee to undertake experimental/investigational procedures with human participants 
 
Projects with negligible risk (Class1) should use application form for Class 1 Projects 
 
Project no: AS08.1a (satellite project of AS08.1, iHEAR) 
 
1. Title of project :  
 Hearing, hearing aid use, and leisure in adolescence and early adulthood (referred to as 
iHEARii !).                                                                                                                                                                                                                                                                                                                                                                 
2. Principal investigators:  
Lyndal Carter,  
Warwick Williams, Harvey Dillon (Advisors). 
 
3.  Section:  
NAL Research.  Hearing Loss Prevention. 
 
4.  Location in which proposed study is intended to be carried out:  
 The study will be coordinated from National Acoustic Laboratories, 126 Greville 
Street, Chatswood. A large proportion of the data will be collected from participants 
either electronically, by post or by telephone interview. In addition, some participants 
may be seen at NAL, or be visited at their school, college, support agency, or other 
community location. 
5. a. Describe briefly the aim of the project:  
 This research is to be conducted as a major ‘satellite’ of the iHEAR study (which has 
already been submitted for ethics approval by the AHHREC). To review, the overall 
aims of the iHEAR study are; to measure the prevalence of hearing loss, estimate the 
exposure to leisure noise and, measure the beliefs held by a large representative 
population of  adolescents and young adults, about their knowledge and attitudes to 
hearing health and the effects of loud sound on hearing.  
iHEARii! will build on these broad aims by collecting additional data from a group of 
age-matched participants with sensorineural (permanent) hearing loss, in order to 
examine the incidence of progression of hearing loss, and any relationships between 
changes in hearing, hearing aid use and patterns of leisure activity. Further, we will 
investigate whether the attitudes and beliefs of adolescents and young adults with 
permanent hearing loss, and their parents or guardians, differ from those of the same 
population who have normal hearing and whether, as a consequence, there is any 
impact on their leisure pursuits/lifestyle. 
 b. Proposed commencement date:  October 2009. 
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 c. Projected completion date:  March 2013. 
  
6. Classification of project: 
  Class 2: Project with low risk 
 Class 3a: Project meeting prescribed criteria  
 Class 3b: Project with more than low risk 
7. Treatment of participants (No. of participants to be tested and summary of 
procedure):  
The proposed number of participants will be around 500 in total, comprising; 
 
i) approximately 300-400 adolescents/young adults with sensorineural hearing loss, 
and their parents (or carers/significant others), and 
ii) an age matched control group (who have hearing within the normal range), and 
their parents, totalling approximately 100 participants. 
 
The audiometric records and hearing aid gain-frequency response characteristics of 
participants who are current clients of Australian Hearing will be collected and 
analysed. 
 
All the participants with hearing loss, and the control group participants, will complete 
an existing demographic questionnaire and survey of attitudes and beliefs about the 
effects of noise exposure on hearing, and a one week diary record of leisure activities 
and sound levels. These instruments will be the same as those used in the iHEAR study 
(already approved by the AHHREC), allowing direct comparisons to be made between 
participants with and without hearing loss. 
 
In addition, qualitative data will be collected from a sub-set (n= approximately 50-100) 
of the participants with hearing loss (and their parents of significant others), through 
more detailed interviews, focus groups and surveys.  Specific topics and questions will 
initially be devised based on responses to the iHEAR questionnaires, but they will be 
further developed and refined over the life of the project. A small group of parents from 
the control group may also be invited to participate in interviews, focus groups or 
additional surveys.  
 
Finally, actual sound/noise exposure will be measured in a sample of participants with 
hearing loss.  These measures will be made in-situ (i.e., in the ear canal while hearing 
aids are being worn) using custom-designed equipment. 
 
8. From what group(s) are the participants to be drawn? (e.g. healthy volunteers, 
hospital out-patients, children, etc)  
 The participants with sensorineural hearing loss will be clients of Australian Hearing, 
up to the age of 21 years. In addition, young adults with sensorineural loss will be 
recruited from the general community. The participants with hearing within the normal 
range will be drawn from the iHEAR study group. Parents/significant others of both 
groups will also be invited to participate. 
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9. Will personal data be obtained from any Commonwealth agency?    
 Yes. 
10. Does the study conform in all respects with the National Statement on Ethical 
Conduct in Human Research (2007)?     
 Yes.   
11. Does the study involve the use of invasive procedures (e.g. blood sampling)?   
 No. 
12. Does the study involve physical or mental stress?   
 No. 
13. Does the study involve the use of drugs?   
 No. 
14. Does the study involve deception?   
 No. 
15. Does the study protocol require that “informed consent” be obtained in writing 
from the participant or from the person who is legally responsible for the 
participant’s welfare?   
 Yes. 
16. What information will be given to participants in order that the request of 
“informed consent” is met?   
 Written information to be provided is attached. 
17. What measures will be taken to protect the privacy of individual participants in 
terms of the test results and other confidential data obtained in the study? 
 All individual data presented will be referred to by a subject number, which is 
arbitrarily selected for this particular project. Any identifiable information will be kept 
securely at NAL. 
18. Will direct benefits accrue to the participants from data obtained in the study?   
 For some participants, yes. Specifically, participants in the control group (iHEAR 
study) will receive a comprehensive audiological assessment and report of the findings. 
Participants with hearing loss who take part in the collection of sound/noise exposure 
data will also receive feedback about the findings, as well as advice regarding any 
personal risk that is identified. 
19. Will there be benefits to the community at large from this study?   
 Yes. The information that will be gained from this study will provide an evidence base 
for audiologists, other professionals and parents, regarding the relationship between 
hearing aid use, leisure activity and sound/noise exposure. The results of the study will 
also provide much greater insight into the social and emotional implications of hearing 
loss and subsequent effects on lifestyle and quality of life. 
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Application submitted by (name) Lyndal Carter 
(Signature)  
(Date)    24 July 2009 
 
 
To be completed if personal data will be collected from any Commonwealth agency for 
your project 
 
1. From which Commonwealth agency will personal data be obtained? 
 Australian Hearing. 
2. Will the personal data be de-identified when given to you, or will they be in an 
identifiable form? 
 All individual data presented will be referred to by a subject number, which is 
arbitrarily selected for this particular project. 
3. The data items to be sought from the agency (e.g. name, suburbs, age, etc.) 
 Australian Hearing client number, date of birth, name, parent/guardian name and 
contact details, audiogram details, hearing aid frequency response data. 
4. Estimated no. of records to be assessed 
 There are approximately 5000 records for Australian Hearing clients in the target age 
group. The total number of contacts is more likely to be in the order of 1000. 
5.  Will any Information Privacy Principle(s) be infringed? If yes, which one, and in 
what way will it be infringed?  
 Yes, IPP 11. 
6. If you answer “yes’ to question 5, please state the reasons justifying the public 
interest in the research outweighs, to a substantial degree, the public interest in 
adhering to that IPP(s).  This will enable the AH HREC to consider if approval 
should be given under the Guidelines Under Section 95 of the Privacy Act 1998. 
Refer to note below. 
 Yes. Principle 11, on the basis that clients of Australian Hearing are unlikely to be 
aware that NAL Research may access their personal information prior to being 
contacted about participating in a study (re: Principle 11 a), and would therefore not 
have consented to the disclosure of this information (re: Principle 11 b). 
 
The information that will be gained from this study will provide an evidence base for 
audiologists, other professionals and parents, regarding the relationship between 
hearing aid use, leisure activity and sound/noise exposure. This represents a major 
development in hearing aid fitting practice and counselling for young people who 
wear hearing aids.  The results of the study will also provide much greater insight into 
the social and emotional implications of hearing loss and subsequent effects on 
lifestyle and quality of life, therefore an infringement of the IPP is considered to be 
justified. 
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Note-  
The following is an excerpt from P.8 of the S95 Guidelines-  
The Guidelines Under Section 95 of the Privacy Act 1988 provide a framework for the 
conduct of medical research using information held by Commonwealth agencies where 
identified information needs to be used without consent. In these situations, a 
Commonwealth agency may collect or disclose, in identifiable form, records for medical 
research purposes without infringing the Privacy Act if the proposed medical research 
has been approved by a properly constituted Human Research Ethics Committee 
(HREC) in accordance with the Guidelines Under Section 95 of the Privacy Act 1988. 
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APPENDIX 2 
Participant survey (< 18 yrs; HI group). 
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APPENDIX 3 
Participant survey (> 18 yrs; HI group). 
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APPENDIX 4 
Parent/carer surveys (HI & NH groups). 
Appendix 4.1:  Parent/carer survey HI group. 
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Appendix 4.2:  Parent/carer survey NH group 
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APPENDIX 5 
Student interview questions (NH group). 
SCHOOL STUDENTS: INTERVIEW ITEMS  
Personal Stereo Player (PSP) use. 
 
16  a) Do you listen to music through earphones or headphones (e.g., Ipod, MP3)?    
                       No       Yes  
b) How often do you listen through earphones or headphones? (indicate either 
average hours per month, OR hours per week) 
 
 
 
 
 
 
 
c) How long each time on average?   
 
d) How many years in total have you been listening through earphones?  
 
e)  What situations are you in? (describe)   
 
19    On a scale of 1 – 10 (where 1 is VERY SOFT and 10 is VERY LOUD) how loud do you 
usually listen to music through earphones or headphones (if applicable)?  
 
1 2 3 4 5 6 7 8 9 10 
Soft                  Medium                  Loud 
(low volume)   (half volume)    (full volume
TICK ONE  Hours per month 
on average 
 Less than once a month  
 1-3 times a month 
OR Hours per week 
on average 
 1-3 days a week  
 4-5 days a week 
 6-7 days week 
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APPENDIX 6 
Summary of literature: HTL shift in young people with hearing impairment. 
Author/s, date Country Participants 
(age) 
n = Shift criterion Observation period Incidence/Conclusions 
Guild (1950) United 
States 
(U.S.) 
8–13 years 
ENT surgical 
patients 
4  
 
Case studies 
 
2–6 + years Progression of loss in case 
studies ‘gradual’  
‘High-tone’ loss can 
progress markedly during 
childhood 
Kinney (1961) U.S. 6–16 years 
Aided children 
 
178 
 
Increased 
‘average’ loss of 
≥10 dB in aided 
ear 
126 = monaurally aided 13/126 (10.3%) cases (less 
powerful hearing aids) 
 19/39 (48.8%) (higher 
powered aids) 
Barr and 
Wedenberg (1965) 
Sweden Pre-play 
audiometry? 
Deaf and 
severely HI 
children 
84 Deviation of ≥ 10 
dB at two 
frequencies, or 
≥ 15 dB at one 
frequency  
15 dB = 
‘significant’ 
3–15 years  22/40  (55%) with ‘heredity 
genesis’ 
0/23 with maternal rubella 
0/15 with ‘perinatal 
accidents’ 
6/6 with meningitis 
Macrae (1968) Australia 5–18 years 
Aided children 
134 Mean change 
reported 
1–12 years 
Mean = 5.25 years 
Mean change in the order 
of 6 dB in aided ears 
‘Small’ change in unaided 
ears 
Reilly et al. (1981) U.S. Children with 
HI; most aided 
90 ≥ 15 dB at two or 
more frequencies 
from first to final 
audiogram 
At least 2 years 
Baseline = first ‘reliable’ 
audiogram  (3–17 years) 
 
25/90 (28%) 
‘Progressive hearing loss is 
not uncommon in children’ 
Böhme (1985) 
[German article] 
Germany 5–23 years 44  Mean = 6 years One third 
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Newton  
and Rowson (1988) 
U.K. 6–10 years 
Bilateral SN 
loss;  
some aided 
Gp 1 = 
177 
Gp 2 = 
27 
≥ 15 dB at any 
frequency; 
between first and 
last HTLs & not 
attributable to 
ME* or NOHL† 
Gp 2, 0–12 years 
 
Gp 1; 16/177 (9%), 
12 before the age of 5 years 
 ‘likely to be a minimum 
figure’ 
 
Parving (1988) Denmark 7–17 years 
(median = 13) 
Children with 
HI 
 
138 Difference from 1st 
to 2nd investigation 
of  ≥  
i.15 dB at 2kHz or 
4kHz 
ii. average of       
 2 & 4kHz, or 
average of 0.5, 1, 
& 2 kHz 
Mean of right & 
left HTLs used 
5 years 2–6 % depending on 
criterion used 
Deterioration > 15 dB;     
i. 8/132 (6%) 
ii. 5/132 (4%) 
iii. 3/132 (2%) 
Ruben et al. (1982) U.S. Aided children 
with moderate 
to severe HI 
Lower SES‡ 
 
72 ≥ 10 dB 3–10 years (4 cases) 
Group average follow up time 
6.7 years (n = 70); ‘many 1–2 
years’ 
4/70 (6%) 
Levi et al. (1993) Israel 3 years +  (born 
1967−1982) 
Mild to severe 
hearing loss 
Excluded where 
loss ≥ 90 dB 
92 i. ≥ 15 dB at 
average of 0.5, 1, 
2, & 4 kHz 
ii. ≥ 15 dB at 
average of 0.5, 1, 
& 2 kHz 
iii. ≥ 15 dB at 
average of 2 & 4 
kHz 
iv. ≥ 20 dB only at 
0.5 & 1 kHz 
Up to 15 years 21/92 (22.8%) 
13 bilateral, 8 unilateral 
Nil in cases with mild 
hearing loss (< 40 dB HL) 
No gender difference 
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Savastano et al. 
(1993) 
 0–14 years 
SN loss 
 
42 Compared cases 
with earlier and 
later onset of loss 
Examined rapidity of 
deterioration and changes in 
audiogram configuration. 
Aetiology = unknown 
 
Brookhouser, et al. 
(1994)  
U.S. 
 
1–19.9 years at 
1st audiogram 
Mild or greater 
SN loss 
1108 ≥10 dB at 0.25, 
0.5, 1, 2, 4 or 8 
kHz 
Mean = 4.9 years  
(for 229 cases identified with 
progressive loss) 
240/1108 (22%) cases 
showed progressive loss; 
11 cases − insufficient data 
22/365 ears (6%) = purely 
progressive 
208/365 ears (57%) 
fluctuating & gradually 
progressive 
Berrettini et al. 
(1999) 
Italy Bilateral SN 
hearing loss 
178 Mean worsening ≥ 
20 dB recorded  
‘on at least two 
frequencies’ in the 
range 0.5–4 kHz  
Excluded syndromic genetic 
cases. Included one case of 
LVAS and one of CMV 
 
11/178 (6.2%) 
 
Pittman and 
Stelmachowicz 
(2003) 
U.S. 6–14 years 
 
132 ≥ 15 dB at two or 
more frequencies 
8 years maximum 
 
17/132 (13%)  
7/132 (5%) improved 
Current study 
 
 11–35 years 127 
 
 ≥ 10 dB at two 
adjacent 
frequencies, or ≥ 
15 dB at one or 
more frequencies.  
0.25 – 4 kHz. 
 
 
 
 
<1 to 30 years maximum 
Mean = 11 years  
Median = 10 years 
Initial = ~5 years 
59/127 (46.5%) 
 
Notes: * ME = middle ear disorder; † NOHL= non-organic hearing loss; ‡ SES= socio-economic status. 
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APPENDIX 7 
Parent/carer survey items summary (HI and NH groups combined).                                                                                                                 
Parent survey – experimental & control group [Note; complete surveys in Appendix 4]. 
 
 
Demographic information                                     
 
1. Parent year of birth      
      Parent gender  
      Relationship to research participant   
 
2. Child participant ID number 
      Child gender 
      Child date of birth 
      Australian Hearing centre attended (experimental group only) 
      Sibling year(s) of birth 
 
3. Child birth place 
4. Home language 
Other language(s) 
 
5. Child’s current school grade or employment status 
6. Child’s school location and final grade  
 
Hearing Health & Family Details 
 
7. Aetiology of hearing loss? *        
8. Other ear conditions * 
9. Significant health problems that required high level drug or radiation treatment in 
hospital? (e.g., meningitis, cancer) * 
10. Head injury/trauma/blow to the ear that required medical treatment or a stay in 
hospital? * 
11. Disabilities or special needs (other than hearing loss) that cause difficulty during   
everyday activities? * 
12.  Any immediate family with permanent hearing problems? Details requested. *  
13.  Parent(s)/carer(s) demographic details − relationship to child, gender, hearing  
status, highest education, employment status, occupation. 
 
* NH group – items in participant survey 
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       Hearing Aids & Cochlear Implants (HI group only)                                                            
                                                                                                               
14.  Hearing aid details (fitting configuration, usage, volume setting)  
15.  Cochlear implant details (implant date, usage) 
 
       Leisure activities (attitudes) 
 
5 point Likert scale rating and space for comments 
1 2  3  4 5 
 
16.  Do you worry or feel concerned about the possibility of your son/daughter’s 
       hearing getting worse in the future?  1= not at all; 5= very much 
     
17.  Do you think there are particular activities that put young people at risk of hearing 
       damage? 
           
       What are some activities you think put young people at risk of hearing damage?  
 
18.  Have you (and/or your son/daughter) ever received information, advice or  
       counselling about hearing conservation (ways to look after hearing)?    
 
       Where did you get information or advice about ways to look after hearing?  
        How helpful was the information you received? 1= not at all helpful; 5=very 
        helpful 
 
19.  Do you and your son/daughter talk about hearing conservation issues (how to 
        protect hearing)? Forced choice response: never; occasionally; often. 
 
Leisure Activities     
                                                                                                                                                   
20.  How do you usually feel about your son/daughter trying new activities? 1=very 
       uncomfortable; 5= very comfortable          
                             
21.  How does your son/daughter usually feel about trying new activities? ? 1=very 
       uncomfortable; 5= very comfortable 
 
22.  Compared with other parents, how much do you think you worry or feel concerned 
        about your son/daughter facing “everyday” risks (e.g., road safety, personal safety, 
        playing sports etc.)? 1=I worry much less; 5=I worry much more     
         
23.  In terms of hearing damage from loud sound exposure: How risky do you think 
       your son/daughter’s (the participant’s) leisure activities are? 1=very low risk; 
       5=very high risk 
 
24.  In terms of causing hearing damage: How risky do you think using a personal 
       stereo (iPod or MP3 player) is for most young people? 1=very low risk; 5=very 
       high risk 
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25.  In terms of causing hearing damage: In general, how risky do you think activities 
       such as night-clubbing or loud concerts are? 1=very low risk; 5=very high risk 
 
26.  In general, how much do you think exposure to loud sound during leisure activities 
       contributes to people’s hearing getting worse in the future? 1=very little; 5=very 
       much 
 
27.  Your feelings about your son/daughter’s leisure activity choices. We are interested 
        in finding out how you would feel about your son/daughter (the research 
        participant) doing a range of different activities in their free time, if they wanted to 
        do them.  For each of the activities, which are described in the first column of the 
        tables on the following pages, please circle ONE number (from 1 to 5 on the scale 
        – where 1 is the LEAST comfortable, and 5 is the MOST comfortable) to indicate 
        how you imagine you would feel with your son/daughter doing the activity.  Please 
        give a rating whether or not your son/daughter has actually done the activity. 
 
 
The ‘leisure table’ items: 
• Go to the cinema/movie theatre, with family or friends 
• Go to a  live music performance at a large venue (e.g., entertainment centre, 
stadium etc.) with family or friends 
• Go to a live music performance at a smaller venue (e.g., hall, theatre, club 
etc.) with family or friends 
• Go to an event where recorded music is playing (e.g., dance party with a DJ, 
school dance or similar), with appropriate supervision 
• Go to an outdoor music festival (e.g., Big Day Out), with family or friends  
• Play at a games/video arcade (e.g., Timezone etc.), with appropriate 
supervision 
• Watch fireworks displays 
• Attend live sports (e.g., go to football at stadium), with appropriate 
supervision 
• Attend live motor sports (e.g., go to car racing event), with appropriate 
supervision 
• Go to a club or pub venue (with appropriate adults), where music is playing 
(live band, Jukebox) 
• Do motor sports (e.g., motor bikes, quad bikes, go-carts etc.), with 
appropriate supervision 
• Go shooting  (e.g., pistol club, cadet training, target shooting etc.), − whether 
using the gun or standing close to someone else who is shooting 
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• Use power tools (including woodworking/metalworking tools, and gardening 
tools – e.g., mower, leaf blower etc.), with appropriate supervision 
• Use electronic games that make sounds (e.g., Nintendo DS, Wii) 
• Use a personal stereo (e.g., iPod or MP3 player) 
• Attend religious/church services with amplified music (e.g., church band) 
• Perform (play) in a band that has amplified music (e.g., rock band) 
• Perform in an orchestra/concert band 
• Play/learn a LOUD musical instrument (e.g., trumpet, drums, percussion) 
• Play/learn other musical instrument(s) (e.g.,  piano, recorder, flute, clarinet, 
violin) 
• Sing in a choir/group 
• Go to gym/exercise/dance classes (with amplified music) 
• Do swimming/water sports 
• Play team sports (e.g., netball, soccer etc.) 
• Do contact/high impact sports (e.g., rugby, martial arts) 
• Do adventure sports (e.g., rock climbing, caving, rafting) 
• Do riding activities (e.g., cycling, horse-riding, skating etc.) 
• Use computers for fun, (e.g., “social networking”, “chatting” with friends) 
• Talk on a mobile phone 
• Do work experience or part-time work in a noisy environment (e.g., using 
machinery) 
                                                           
28.  If you gave any of the above activities a rating of 1 or 2 (i.e., you imagine you 
       would be uncomfortable with your son/daughter doing them), is the reason that: 
  
       You would be concerned that the activity might cause hearing damage? 
       You would be concerned that your son/daughter’s hearing aid(s) or cochlear 
        implant(s) may get wet, damaged or lost? (HI group only) 
       You would be concerned that your son/daughter would not be able to wear his/her 
        hearing aid(s) or cochlear implant(s) and therefore would not be able to hear 
        warnings or instructions? (HI group only)    
 
29.  Have you ever actually discouraged or stopped your son/daughter doing an activity 
       because you were worried it might make his/her hearing worse? Forced choice: no; 
       occasionally; often. 
 
30.  Have you ever actually discouraged or stopped your son/daughter doing an activity 
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       because you were worried that his/her hearing aid(s) and/or cochlear implant(s)  
       might get damaged?  (HI group only) Forced choice: no; occasionally; often. 
  
31.  Have you ever actually discouraged or stopped your son/daughter doing an activity 
       because he/she will not be able to wear their hearing aid(s) and/or cochlear  
       implant(s) during the activity and you worry this may be a safety issue? (i.e., he/she 
       may miss warnings or instructions) (experimental group only) Forced choice: no;  
       occasionally; often. 
 
32.  Have you ever actually discouraged or stopped your son/daughter (who has a 
       hearing loss) doing an activity because you think he/she will not be able to hear 
       well enough to enjoy the activity, even when wearing his/her hearing aid(s) and/or 
       cochlear implant(s)?  (HI group only) Forced choice: no; occasionally; often. 
 
33.  Do you have any other comments about how using hearing aid(s) and/or cochlear 
       implant(s) affects the things your son/daughter does in his/her free time, including 
       any strategies you (or your son/daughter) may have found for overcoming any 
       difficulties he/she has participating in activities in his/her free time? (HI group 
        only).  
       NH group: Do you have any other comments? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
